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FOREW'OKO 


Reports of ol)servations concerning longevity, senescence and 
death among plants are s<j scattered in the literature, frequently 
in such inaccessible places, that it is dinicult to orient oneself ]>rop- 
erly in the various aspects ot the important prolAen^s ot natural 
science which are involved. Because of this situation I undertook, 
ten years ago, to study the longevity (.if plants from various view- 
point.^ and to gather the known facts, with necessary revisions, 
into a monograph of the problem as it concerns the entire plant 
kingdom. 

In 1921 the foundation for this proposed hook liad already been 
completed in outline hut iny appoinlmetU at the Imperial University 
of Sendai in Japan interrupted its completion. Other duties (lur- 
ing ni\- almost three year visit in the Land of the Rising Sun so 
occupied mv attention that the maniiscripl bad to be laid aside and 
could not l.>e completed until my return to available sources of the 
Ijrtest literature and research upon the sulqect. I now hope I 
have produced a small contrihulion that will be a welcome supple- 
ment to L, K(.)rscheU's excellent book, '“Lebensdauer, Altern und 
Tod.'" ^Vhile Korsehelt's work is concerned with the longevity pri- 
marilv of animals and only secondarily with that ot plants, my 
work is devoted especially to an account of longevity among plants 
without, lHJwc‘\’er, entirely neglecting the general as])ects of the 
prolilem as tliey apply to animals. 

Before concluding this foreword, I wish to thank my assistant, 
Dr. J. Kisser, for his preparation of certain illustrations and for 
correcting proof winch T was iimible to do myself because of my 
call to India. My thanks are extended to Dr. AV. Frenzel who, too, 
^carefully examined the proof. 

My esteemed ])ublisher, U. Fischer of Jena, willingly cooperated 
as always and made great efforts toward a satisfactory completion 

I this litUe work. To him also 1 extend my sincere thanks. 

H.\xs Moliscii 


Vtknna, Octobkr. 1928 




IXTKODUCTIOX 


The sul)jcct of longevity of li\'ing organisms ])resen(s an exceed- 
ingly important biological problem. In a variety of ^vays it touches 
ui)on so many phenomena of ])lant life and of l)i()logy in general 
tliat it ])ro\'okes common scitMitibc inten^st c'ven beyond the realm 
of physiology itself. 

Strange to say, no com])rebensive study U])on the subject has 
licretufore been made, lesson’s worth v contril)Utii)n,^ “Uber die 
Lebensdauer dor Gewiichse," which a])peared 65 years ago, did not 
consider the subject in its entirety but dealt witli only one thougli 
verv significant as])ect. It was concerned ])riniarily with the <[ues- 
as to whether asexually pro])agated seed-])lants ])ossess an un- 
limited tenure of life, terminated only by accident or other un- 
favorable circumstance's, or whether their ]onge\'ity is inherently 
limited. Otlier [)rol)lenis associated wfith longevity evere disre- 
garded. A careful study of the subject among both lower and 
hitler plants was neglected and no consideration was accorded 
such matters, among others, as senescence, devel(>])mental changes, 
the death of cells and tissues in the tree, nor the ])ossiI)ility ot cur- 
tailing or prolonging life. 

Onlv recentlv has interest been focussed u])()n the prol)lem. par- 
ticularh' hv W'cismann’s ideas with respect to per]>ctnal life among 
unicellular organisms. Alany zoologists lia\e worked U]K)n this 
problem and m 1924 Ixorselielt- ga\e us an excellent summai\ of 
the understanding wliieli i)revai]ed at that time of longevity, senes- 
cence and death among animals. In this wt)rk longevity among 
plants is oii]\' incidentalh' considered. Tor the most ]>ait, Koi- 
schelt’s meritorious work is concerned almost exclusively with am- 
vfnals and in view of this there is need of a detailed and comprehen- 
sive consideration of tlie subject from the botanical stand] )oint. 




CHAPTER I 

THE LONGEVITY OF UNICELLULAR ORGANISES 

PERPETUAL LIFE OF UNICELLULAR ORGANISMS 

The need for an iiitcnsi\ e study of longevity has been partially 
fulfilled already in zoological and botanical tvritings, especially by 
those of DoflciiP and Kiisterd Doflein was concerned, however, 
not so much with longevity itself, but rather, as the title of his 
book indicates, with the ])roldeni of death and per])eUud life among 
hotli plants and animals. Kiister presented a short survey of senes- 
cence and death, almost entirely as it concerns plants, in a con- 
tribution which evolved from a preliminary report upon the sub- 
ject. And Weber's^ concise but very desirable physiological re- 
view of the phenomena accom])anying senescence has also furnished 
a welcome contribution. 

spite of these valuable works, however, there is lacking a 
i^onographic study of longe\'ity among ]dants and of the ass()cial{al 
many-sided questions concerning senescence and death, in the 
following discussion, therefore, an attempt will l)e made to meet 
this need and to gather together iti a critical fashion the pertinent 
and widely scattered contributions upon each phase of the subject. 

It was generally believed, not so long ago, that every organism 
must perish at some time. For most multicellular organisms this 
conception still holds true, hut not in the case ot most unicellular 
forms. 

Weismann'’ performed the great service of calling attention to 
the fact that while we customarily associate a residual dead body 
/vith our conception of death, in the case of asexual proj)agation of 
infusorial organisms by mere cell division the entire mother-cell is 
transforme<l. without residue, into two daughter-cells. Ihe mother- 
cell divides into two almost identical parts, equivalent in ap])ear- 
ance and constitution. Each of these halves continues to live in 
the same manner as did the mother-cell and eventually divides in 
its turn. This led WeisinaniV to conclude "tiiat the limitations 
imposed upon an individual cell by death are not, as ])re\nously 
assumed, unavoidable, and inherent attributes of its nature, hut 
rather perform a definite function and are called forth only when 
9 
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certain complications in the (le\clapnieiit of the organism would 
tend to interfere with its natural tendency to live forever." 

As witli so many other great trutlis. this one. too. has not entirely 
escaped refutation. The zoologist Wedekind'' has been most ])rO' 
nounced in opposing this teaching of W’eismann, though with in- 
adequate foundation for his contentions. In his opinion, there is 
no basis for ^^*eisn 1 ann's j^reniise that unicellular organisms di\ ide 
into two identical ])arts. They only a])pear to do so, he contends, 
and, consequentlv. among single cells as well as elsewhere, we can 
sjieak in e\cr\- case of mother- and daughter-cells. The luother- 
cell is capable, he admits, of dividing again, indeed repeatedly, but 
eventually it must |)erish. \\'ere I also to concede that in many 
cases the resulting halves ol iiiuhi])lying cells are not ecjuivalent, 
as 1 shall show is true of certain unicellular ])lants. it still remains 
for W'edekind to ])rove that the two halves are not equivalent in 
every ease and that the mother-ei'll is not ea])al)le of dividing atf 
infiiiifuni. Xo one has \'et shown that the halves ol dividing l)ac- 
teria are not alike and the same holds true for many (ither unicelln- 
lar organisms. The facts in every case, there lore, do not siqq'oyt 
Wedekind's refutation of Weisnianii’s c()nce]ition. 

Other o])jections, based upon experimental grounds, are belter 
founded. The question has been asked. Can protozoa really un- 
dergo an unlimited numlier of .successive divisions or do they hnally 
])erish. jierbaps after a certain number of generations? Maiqias” 
wa> able to diow by bis cultures of various species of ciliated in- 
fusoria tliat these organisms siilTered marked clianges in a])])eai*- 
ance and behavior as the result of long-continued breeding. .Alter 
undergidng 100 to 300 divisions, tlie cells began to absorb less nutri- 
ment, l)ecame smaller, lost a ])ortion of their cilia and finally suc- 
cumlied. On tlie liasis of these ohseiuaitions, Alaupas o])])osed the 
ideas of WTTsmanii and defenrled the \’iew that the unicellular 
organism is not endowed with unlimited tenure of life i)ul fnally 
becomes exhausted and jierislies. 

J^'or further iin cstigatiuiis along tliis line we are indebted ft? 
Calkins’" and to Hertwig. During the course of 15 months Calkins 
secured more tlian 500 generations i^f tlie infusorian, Panunaccium 
rautla/tun, and, after 90 to 170' divisions, found changes in the 
jirogeny similar to those ol.)ser\ed liy Alaupas. I'hese changes, 
constituting what Calkins called the '‘deiiression condition,” fnally 
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led to death. The “depression" can he alleviated, however, in a 
variety (d* ways, as by conjnp'ation, agitation, and changes in the 
temperature or composition of tlie nutrient solution. Acc<trding 
to Calkins, the “depression condition" constilules a part of the de- 
velojaiuMital cycle and represents a phase in the life of infusoria 
controlk'd by internal factors. 

llertwig""”' has ])roressed a similar idea. He studied princi])ally 
the changes in protista cells resulting from continued asexual 
proi)agation and regarded the concomitant alterations between pro- 
to] )Iasiiiic and nuclear masses, /.c., the nucleo-])lasma ratio, as tlie 
controlling factor. If the normal relation between nucleus and 
cyto])lasm is disturbed, there results, he says. liypertro])hv of the 
nucleus and dcvdo|)inent of all those ]>henoinena which constitute 
Calkins' “depression condition." Conjugation re-establishes the 
normal relation and without it death would ensue. Hertwig also 
believes that single cells do not ])ossess ]K-r]K-'tual life hut that death 
is an inevitable result of life ])rocesses. 

Tt ap])ears. then, as if WTismann's views had l)een invalidated, 
subsequent Ijreeding results of the American investigator 
\\h)odrutf.’'‘‘‘"'^ however, placed the wtuks of Maupas, Calkins, and 
Hertwig in an entirely dii'ferent light and u])held to a great degree 
the teaching of W’eismann concerning pcr])etual life of unicellular 
organisms. \\bH)druT began with a single Paranuicciifiii caudalmu, 
secured from an aquarium, and in the course of seven years bred 
iberefroni -1500 generations in concave slides. Altogether, since 
1907, lie has secured 8000 generations without conjugation ])laying 
aiiv jiart. for newlv formed cells were always transferred to a fresh 
imtrienl solution. Under these conditions there a])]ieared no de- 
generation or dejiression and the daily number of divisions, exce])t 
for certain rhythmic fluctuations*'’ which need not he discussed here 
i]i detail, remained, after thousands of generations, the sjiiiie as in 
tlu: beginning. 

It is [larticularly im])ortant in such investigations that the prog- 
eny ahva}-s be transferred to a fresh nutrient solution. Otherwise, 
the accumulation of secreted assimilation iwoducts causes those 
di.sturliances wliich constituted tlie degeneration observed by 
51au])as. Calkins, and Hertwig. Tf the acciimiilatit«i of such prod- 
ucts he avoided by constant change of solution, then, as Woodruff 
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lias sliowti. thousands of generations can be secured by division 
alone without recourse to conjugation. And in this way the justih- 
catiou oL Weisinann's belief in the perpetual life of unicellular 
tonus is established. 

The iiuitual influence exerted among organisms bv their secre- 
tion products is of considerable signiticance.'*'^ I refer to the rela- 
tion between host and parasite, and to the influence of bacteria, 
yeasts and molds upon the sulistratuni. The production of either 
growth-inhil)iting or growth-promoting substances may be involved 
and the former may accumulate to such an extent that further dc- 
veIo])nient is inhibited, a pathological condition occurs and finally 
the organism dies. This sequence fulfills the remark of Duclaux^”’ 
when he .says "that tlie medium which the microbe creates for itself 
becomes les.s and less nutritive and more and more anti.^^^eptic." 

Only recently have we come to realize that their own secretions 
are responsible for diminishing activity among infusoria. This is 
all the more surprising liccansc every bacteriologist has long been 
familiar with the products of bacterial growth, of pigment forma- 
tion and of luminescence, which accnmnlate in tlie snbstratiiVi 
desjiite a sufficient supply of nutriment. Tf colonies of luminous 
l)acteria are too dense, for instance, they remain small, not only 
because they deprive one another of food Imt by virtue of the mutu- 
all}' inhibiting eft'ects of their secretions. Ifvcn if we permit onlv a 
single colony to develop on a moderately nutritious sub.stratum, it, 
too, Imally ceases to grow and to glow because the secretions, 
despite almndant available food, inliibit these two functions. 

Richter^^^ was able to make similar observations in connection 
with liis ]mre cultures of diatoms. Ifpori his own as well as Bei- 
jerinck’s findings, he concluded "that all algae, cultivated in great 
quantities witiiin limited confines, show elfcets attributable onlv to 
secretion substances which are poisonous lo the cells and which 
hinder their increase and growth. The need for fretiueiit transfer- 
ence of the material being studied is thus self-apparent.” Para- 
maecia are in no ^^'isc different but act in accordance with this gen- 
eral behavior. 

r o return now to the question of perpetual life among infusoria, 
it is apparent that conjugation is not necessary in an uninterrupted 
succession of even several thousand generations but that it does 
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serve to prevent degeneration which would ensue under unfavorable 
culture concli lions. 

There are also cerlain unicellular organisms which are not at all 
capable of conjugating but which reiu-oduce exclusively by cell 
division, i.e., wholly asexually. Among them arc bacteria and the 
blue-green algae or Cyanophyceae. Without (luestion, these may 
be regarded as being endowed with everlasting life in the sense ot 
Weisiiianii. In addition, a great many unicellular algae and fungi 
are known which, like the infusoria, perpetuate themselves bv con- 
jugation as well as by cell division. That they are capable of iiiaiii- 
taining their kind b}' asexual means alone is indeed very likely but 
as yet unproven. It would hv. very desirable, therefore, if propa- 
gating experiments with these organisms were inirsued similar to 
those which already have been carried out with FaraniaccuiUL 
Such vxpcriincuts might easily he conducted upon desmids and in 
all probability they would show the same results as have those 
with infusoria. 

As Woodrufl did with infusoria, so has Hartmann^' performed 
])r^jpagating experiments with a green colony- forming llagdlatc, 
.Ludorina degans, which reproduces only ascxiially. Hartmann 
was able to pursue these experiments for ten years and claims to 
iiave secured more than 3000 generations by purely asexual repro- 
duction at a constant rate of division and without evidence of any 
ill ettects upon either the nuclei or the cells themselves. In view 
of this, we may attribute perpetual life in Wcismaiin's sense to 
these green flagellates also. 

Helar obtained identical results with a zooprotislan, Aclinophrys 
sol, during five years’ work. 

Considerable interest attaches to the fact that similar results can 
be secured with certain lower multicellular animals which are 
capable, of asexual niiillipheatioii by division and by Inidding. 
Goetseh and Gross were al)le to propagate our common fresh- 
\^■ate^ I'lolyp in a purely asexual manner for years at a time and at a 
constant rate when kept under uniform conditions. Hartmann 
secured similar results with a certain planarian, Steiwsfoimoji, as 
did Iliimmerling with the oligochaete, Adosouia, without evidence 
of physiological decadence if only the same favorable conditions 
were uniformly provided. 
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ARE ALL UNICELLULAR ORGANISMS ENDOWED 
WITH PERPETUAL LIFE? 

Zooprotistans — W’eisnianii's conception of per]>etual life ainon^^ 
\iniet41ulrir organisms is frequently represented as to inijdy that 
all single-celled liirnis are so endowed. Such generalization is, of 
course, unjustilied. Hertwyg and Korsehelt'" have already noted 
this in tlie case of animals and I shall show that it pertains also to 
plants. 1 iertwig called attention to the (leeline of the larger ])art 
of the nucleus during cyst formation among the lielioz(ja and re- 
fers to sticli processes as "partial death" among unicellular orgaii- 
i.^llls, Among utlier protozoa, as in the ease of \ oihluia, a ])art 
of the cell body remains as a lifeless residuum after formation <0’ 
a great numher ot swarm spores. In the ca^e of eertam protozoa 
which are pro\ided with a shell. \'anous jinrlions ot tile cell (’.gen- 
erate, Korschelt hronglu this out and remarks "tliat tliese parts 
mav no longer ])e of service in cell di\'ision and thougli emploved 
for whatsoet'er jimqio.se during normal \egetati\’e life, tliey have 
served their function and are discarded In' the animal, as is true 
aho of the eyelasli and otlier ])arts of the bfjdy." i 

7'lie newer investigations witii jirotista have shown that lifeless 
Intdies may actually appear. e\'en resemliling the ceils in lonn. 
'] hi,-' partieularK' true during reproduction ot larg(‘r nmltimicleale 
f(.)rms nlien they lireak tip into a numher of tiiiinuch‘ate re])rodiic- 
tive lK.)dies corresponding to llie original minilxu' oi nuclta’. ’I hat 
death cnsiu‘> iq^mi >iieh efjntinual wg'etative |)r(»])agation is espe- 
cially well shown liy the multi nucleate radiolarians whose form and 
structure are s(j reniarkahle. Th(‘ir marvelous organization is d(‘- 
stnoyed and certain nuclei and portions of the individuals lieeome 
lifeless. Tin’s is true rif all protista with multiple rej^roduciujii. 
All traiisitifais among these lifeless units may be reeogni/ed, from 
rli(jse clo.sely resembling a cell to emieUvated structures. .\s Ifart- 
manu correctlv noted, we observe here the termination ol one indi- 
\idual devekjpment as the result of ])ropagation and the initiation 
(tf a new develojanent, so that we may in trutli s])eak of the death 
of an individual,’'' 

d he ([uestion has also been raised as to wliellier the cell, endowed 
with jjerpetua] life, does not change in .some way during its life 
and then l)ecome rejuvenated Iw propagation. In attem]iting to 
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suppress reprcKhictidn, Ivuhner'*' investigated this tjuestinn so fur 
as it concerned yeast cells and l-lartniatni-^ studied it in Coiiiutii 
pCi'toyalr. Kubner attempted to hinder reproductive ifiaju-th of 
the yeast by contrtillin^ nutritional conditions witlaait, however, 
interrupting- otiter life ])rocesses. Under these conditions the 
fermenting power remained unchanged the first four <lays ami then 
fell otT, gnnvth ceased and rmally the yeasts died. Without growth 
and budding, the life of the yeast is then of limited and relatively 
short duration. iJartniann experimented \\itli (tonluni. fii the 
case of this alga, individuals of four times normal size could 1 k‘ 
cultivated in concentrated solutifms of nutritive salts. They lived 
for several weeks in contrast with normal ones which re]iro(lnced 
witliin one or two days. This ex])eriment hnallv resulted in the 
d^h of those cultures iu which ])ropagation was prevented. .Ml 
this\Klicates strongly that unicellular organisms undergo altera- 
tions during their lives as individuals and that hv vegetative repro- 
duction tliere ensues a rejuvenation of the cell plasm. 

Jdartmann lias sncceetled in showing by an interesting and very 
s-’gliiticant experiment that the rejuvenating iiiniience of proj)aga- 
tion can he secureil also by periodically rejieated anijiutation with 
resulting regeneration. Wdien the forward end of the nuilticelltilar 
planarian, Slrnosloiiiinn Inicof^s. was amjiutated 52 coi]secuti\'e 
times, it could he kept alive for 13 mouths, a jieriod diirtug which 
41 divisions occurrerl among sister animals. Similar results liave 
been secured \\ith the intnsorian, Sfenfor C(H"n(li'iis, and with two 
species of amoeba. A. Proteus and A. polypnihi. Ilartmanir'' was 
able to bring one individual of . i. polypoda througb 32 am])nlatlons 
and snbse(iiient regenerations during a jieriod of 42 days in whicli 
time another individual of tlie same lineage divided 15 times. L nder 
certain culture couditioiis, . Iniacba pvolcus divides every second day 
and ill the case of this si>ecies the afore-mentioned author succeeded 
in ])rolonging the life of ime individual as long as 50 days by means 
of 52 amputations. Hartmann is of the opinion that liy continuing 
such procedure the life of tliese organisms can he iirolonged indefi- 
nitely. The rejuvenation whicli accompanies normal reproduction 
can thus he hrmiglit about by reduction of the body tlirough am- 
liutalion. 

Hartmann believes tiiat such amputatimi prolongs life by the 
facilitated exit it provides for secretion of materials from the ampn- 
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tated body. W'lu'ther tliis is actually the case is still a question 
because, in my o])inion, wound hormones formed at the wounded 
surface might have a rejuvenating influence just as they do among 
higher plants. 

Hartmann's amputation exjieriments have <lemoiist rated tlie pO' 
tential peri>ctual life of ]m<>tozoan cells and have sliown at the same 
time that the cell itseh changes and that the symptoms of senes- 
cence are alleviated by vegetative reproduction. Vegetative rejU'o- 
(Inction, tlien, really brings along with it a rejuvenation and in these 
investigations anqnitation rejdaced it and produced the same elYect.* 

Diatoms — So far as I know, botanists have not been concerned 
hitherto with Weismann's idea of perpetual life as it conceims 
diatoms and certain other unicellular plants. In their case tK‘ 
entire subject needs further elucidation and the following <lisc is- 
sion will be devoted, therefore, to these forms, (.)n the hm is of 
intensive studies by Pfit/.er-'^ and others, we know that the sjiecial 
cell wall of the diatomaceous cell consists of two lialves which fit 
one within the other as do the two hah es of a pill-box. P)Otii halves 
are silieihed to such a high degree that wlien once fully loriwed 
they are incapable of further growth and preset" \-e all their structural- 
features even aft(a' lieing heated. 

W hen a diatotn di\ ides, the two shells or vah es are pushed apart 
hv the increasing mass of protoplasm and each daughter-cell re- 
ceives from the mother-cell (jne old half-shell and the other half- 
shell must he formed liy the daughter-cell. 

As a little reflection will reveal, the newly lormed daugliler-cclls 
must accommodate tliemselves to the fact that the old fully devel- 
o]ied halves are incapable of further growth because of their great 
siliciflcation, ( )nc of the daughter-cells, accordingly, is as large 
as the. mother-cell, the oilier smaller. Since the newly formed shell 
of the latter fils within the older sliell, the cell itself is shorter than 
the mother-cell around tlie double thickness of the membrane and, 
according to tlie binomial theorem an<l on the jiresumption that all 

* Itacteria, loo, can akt-r their characteristics cluritig the course of ihcir 
individual iive.s. As an c.vample, young cells arc often more sensitive to 
high tcm|jc:ratiiri*.s than old ones. It has l.iccn shown in invc.stigations uiion 
the heat resistance of high IcmticraUirt-prcferring and high temjierature- 
rcsistant liacteria, is(»lated from milk, that young ]»acieria <lie at relatively 
lower lcm]JcraUires than do the old ones. "J'his was demonstrated for 
Microbarirriuui lacticinii, Sarrinc hifra and S Ivi'blococt'us 
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cells divide equally, it can lie expected that ^vithill a relatively brief 
period there will arise very sliort cells. 

This contiinious dwarfing process naturally can not continue 
indefinitely. Sooner or later there must he a re-estahlishnient of 
the original size and this is consummated by conjugation i>r bv for- 
mation of aux(»spores. According to the sjiecies, it may he accom- 
])lished in a variety of ways but only the following cases will be 
cited. Two individuals lie side by side, tlieir protoplasts fuse to- 
gether alter separation of the two \’aK'e-halves an<l (“vtaituallv form 
the auxospore which tlien enlarges considerably until it actpiires 
tlie original size of the diatom. I his is the course of conjugation 
jin SuyircUa. As may lie noted in figure 1, two cells a])proach one 
Miothcr until their narrow ends touch. d'he half- valves then 


serrate and the two ])roto- 
plasrS^iisc into a rajiidly eii- 
iargin^^uxos])orc. lu Rhopa- 
loiiiu Aid numerous other 
named diatoms, cojnilation is 
accomplished in a dillcreut 
manner. Two cells lie to- 
gether, the valves sei)arate 
through a gelatinous forma- 
tion, each iirolnplast divides 
into two daughter-cells, and 
the tour cells thus formed fuse 
in ])airs. forming two anxo- 
spores. The latter then in- 
crea>e in hulk up to die maxi- 
mum size characteristic of tlieir 
species. Hy these auxosp{)res 
the ])reviously described pro- 
gressive reduction in size is 
brought to a definite though 
varialile limit and the original 
size of the diatom is restored. 

Ill addition to this sexual 
formation of auxos]>ores, an 
asexual type is found in vari- 
ous diatoms. These asexual 



I'lG. 1. Surirclla Saxoiiica. Auxo- 
siiore tonnaiion. 1 : 'lAvo cells lia\c 
aiijiroachcd one another with their 
narrower sides meeting, for the jnir- 
jK)se ot tu.sing: 2: the resulting atixf)- 
sporc. From Karsten. 
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aiixosporcs arc lornicd by division of a cell into two dau^diter-cells 
wliiclt then enlarge directly into an\os])()re.s. as in Syuedra and 
KliabJoiirnia : or, as ii] Mrlosira, the cell may become an aiixo- 
spore lyv merely resuming the original size after shedding its 
valves. 

In either case, whether auxc)S])ore formation l)e sexual or 
asexual, the two silicitied hall-valves of the mother-cell are dis- 
carded. Can these vah'es then be regarded as lifeless remains and 
the diatom looked upon as possessing only limited tenure of life." 
If we regard the silicitied envelope of the living diatcnii as actually 
dead matter, serving merelv as a shell arouial the hh ing mass, then 
it does not die but ma\' he discarded during anxos[)ore tonnatioi 
as ail already dead structure: no part of the living protojilasm cri 
then he said ti* die. 

.All this leafls to the following conclusions: 1 ) llecan.se tli:!* cells 
(jf sneeessive generations must liecome smaller and smal er, it is 
impossible for division of diatoms to continue indetinitcl' . This 
is in CfHUrast with the situation among bacteria, many algae and 
infusoria. 2) d'lie original size ol the diatom is restored by for- 
mation of the auNospores. W hether the diatom rejiroduces hy 
cell division or b\' auxos])f)res. the jirotoplast lives on, jiossessing 
jjerpetual life. 

Other Unicellular Algae- — There are certain green unicellular 
forms which discard their memlirane when the\’ rejiroduce by con- 
version of tlieir ]irotrj])lasm into zoos])ores or ajdanospores : some- 
times even their flagellae and otlier ])arts are lost. If the membranes 
arc to he regaiaied as structures that once were alive, we can not 
look upon these forms as possessing perpetual life in W^dsmann's 
sense of the term, 

Hotrydiuui {ivaiwdaiu^u is a small alga living u]>on damp soil an<l 
cotisisting of a green vesicular aerial portion and a colorless rttot- 
iike subterranean jiart. its mode of reproduction is asexual and 
consists of internal formation of a great number of zoospores which 
escape and develo]) into new ]tlants. The old mother-cell remains, 
however, as a lifeless memlirane with various contents. 

.Among the \ Tlvocales I want to reter only to I i acuiiiiococais 
and Cidiunydouiaiias nivalis, aiul among the i h'otococcales 
to Chlorococc^ini huuiicola and to Chtorcfla vulgaris. Tliey may 
well be considered here as exam])les of these two groigis. 
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Ifavniafococcus pluviulis, an alga occurring fre<|nently in rain 
iniddlcs, ])rn(liiccs scMTal swarni-cclls jnst as docs Clilauiyiionunuis 
nivalis wliicli causes “red snow’. Tlicse swarni-cclls are liberated by 
a bursting of the nicinbrane and then develo]) into cells rescnihling 
the inothcT-cell. This form can rc])roduce also sexually by the for- 
mation of many liiciliatc similar gametes which fuse after being 
discharged. Chloyococfiiiii produces a number ot zoosptd'es by 
internal divisions, and Chlari'lla, that widely distributed alga which 
is so freijuentlv encountered in s}'mbiolic relationship with the 
protoplasm of infusoria, planarians. Hydra and SponijlUa, breaks iij) 
into two, four or eight ajilanospores which then surround them- 
selves with walls, 

y In all these cases the wail of the mother-cell remains behind with 
wVious other residua alter escajie of the s])ores. llere, then, we 
can '-'ot say that the entire contents of the mother-cell are trans- 
formecninto daughter-cells. 

Amoi|^ higher plants, too, ])artial death is not unusual. When 
in autumn of every year tlu* leaves fall from the trees and then 
perish: when the tree discards its hark and thereby sheds dead tis- 
sue: when tissues die in the forming heartwood of a living tree and 
become laden with decomposition ])rodncts: when foliar ]>uheseence 
is shed naturallv or when the hairs become hlled with air; or when 
floral organs are discarded : in all tliese c[ises, death of a part of the 
individual is inwdved. 

Yeasts — The veast is a unicellular fungus. Its iiiultijdicatioii is 
accomjdished usually In- I)ud(ling which involves the lorniation ot a 
bulge at anv j)oint in the wall that gradually enlarge,'., se])araies 
from the mother-cel) and rtnall)' becomes inde|)endenr by comjdete 
al>striction, d'he entire i)rocess is ktiown as ])udding and the 
(langliter-cells as well as the mother-cell are caj)ahle of reiteating 
the ])rocedure. 

This process is .sr»mewhat dillerent, liowxwcr. from that which 
])rcvails in the division of bacteria or of a ])aramaecium. In the 
l)iKiding (tf yeast the mother-cell does not divide into two daughter- 
cells but ahstricts a new daughter-cell so that the budding process 
results in the i)rcservatioii of the original old cell and tlie lormatifni 
of a new (»ne. Since the nucleus divides in this ])rocess, the two 
resulting cells pro1)ahly actpiire equivalent nuclei and, in many 
cases, equal amounts of i>rotoplasm. The walls, however, certainly 
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(lifter with respect to age, for tlie ai>strictii)g cell retains the old 
membrane and the abstricted cell ac(]iiires a new wall. In other 
words, in the budding method ot reproduction among yeasts tlie 
mother-cell does not resolve into two equivalent daugluer-cells. In 
this type of division we can not. however, speak of a lifeless residue, 
for tlie mother-cell can repeatedly produce more cells by ahstriction. 
Whether the motlier-cell can continue this process indetinitely— 
always provided, ol course, with fresh nutrient solution — or can do 
so for only a certain length of lime, has not been experimentally 
examined. The (luestion as to whether \-easts possess ])erpetual 
life has not been answered, consequently. 


It is well known that under special conditions inyolving free 


J 


acces> of oxygen, favorai)le temperature, and dehciency of fooe, 
many yeasts form asci, similar in external a])]>earance to the nordlal 
cells but which form a few ascospores. d'h(‘ latter are eveirMallv 
liberated forsaking the old cell together with its wall air^l other 
remains wliicli then perish. It is not yerv likely, howeveiy in yiew 
of the foreg<ting. that ascus formatioii is essential in the develop- 
ment of yeasts, for many species never form ascospores at all and 
those that do may lose the ability without siitteriug thereby. We 
can hardly he misled, therefore, i)\' the jxistulation tliat aseos])ores 
arc iiK'rely a type of re.sting spore, enabling the veast to remain dor- 
mant as long as jxissilde and in this condition to tide over unfa\'f)r- 
able conditions. 

Summary — WThsmann's idea that unicellular organisms can 
continue living indefinitely holds true lor most iinicellnlar ]>lants. 
It is certainly true of bacteria and blue-green algae whicli reiwoduce 
only asexual ly by tli vision and without limit for countless genera- 
tions. 


Diatoms, liowever. can not multiply indehnitely by division be- 
cause, in view of their construction, they always become smaller 
and smaller and must, troni time to time, ])roduce auxospores in 
rtrder to re.store the original si/,e of the species. Though they dis- 
card their old siliceous armor in this ])roccss, we can not si)eak 
(jf death in their case because the.se shells in theinsclyes are dead 
material: nothing is lost fnjtn the living j)n»toplasm l)y eitlier di- 
vision or aiix(>s])ore formation and the diatoms, therefore, mav also 
he regarded as everlasting. 

The situation is different, however, among those tmicellular algae 
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(luring whosG reproduction not only die wall of the inother-cell, 
but other cell constituents as well, die and are discarded. In these 
cases we already jierceive a partial death and, recognizing that some 
portions of the organism die, we can no longer speak of an unlim- 
ited hold on life. 

Our investigations also show that among ]>lants death is not a 
general characteri.stic of living matter (bacteria, Cyanophyceae, 
etc.) hut that it just begins to develop in certain unicellular forms 
in that isolated portions of the cell die during re])roduction and 
remain as dead residue. 

LENGTH OF GENERATION, DAILY PROGENY, 
INDIVIDUAL LONGEVITY 

'^^dienever mention has been made in the foregoing of perpetual 
life I?^|ong single cells it has not been implied _^that they are iii- 
cajiablcld dving. Kverv unicellular organism can experience con- 
ditions t|Kler which it eventually dies. Man/ bacteria, algae, in- 
fusoria and llagellates can not endure drying out. Many succumb 
to cold and all succuiiih to heat hetwetai 100° and 150^ C. and to 
\arious poi.sons and other nnfa\’oral)le factf)rs. In these cases the 
indivi<lual usually remains as a dead ]) 0 {ly ; therefore, we may speak 
of death among unicellular lorn is. Only when such injuries are 
avoided and niultijilication jirnceeds unabated, is the living sub- 
.■^tance of the mother-cell coiitiiiLially transferred by division into 
daughter-cells. This multiplicati<iu jiroceeds at diflerent rates 
among different forms, exceedingly ra])id as in many bacteria and 
yeasts, niuderatel}' rajiid, or slowly as among flagellates, diatoms 
and infusoria. 

iiefore discussing this further it will he well to refer to some 
kiniportaiit concej)tious which occasionally are not clearly distin- 
guished from one another. I have in iiiiiid length of generation, 
daily progeny, and indi\ idual long(wity. 

Lcmjth of (jcncraiioii is the time witliin which an individual di- 
vides. i.c., the lapse of time from the initiation to the conclusicxi of 
a division. 7>u//v f^ro(/eiiy is the mimhcr of descendants arising 
from any one cell during a day. Iiuln’idiuil lougcz'ity of a cell is 
tlie lap.se of time from one cell division to the next. In rajiid cell 
division one division may follow directly upon the com])]etion of 
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the ])rece{ling and then the iiuHvidnal lonjj^evity 1)ecoines reduced 
to nil or to a niininmin. 

C(Micerningf tlie correlation hetween longevity and external in- 
jurious factors and decrease of resistance, the reader is referred to 
Putter A"' 

Bacteria -According to jM-evailing views, a hacilUis of the coin- 
nion sajn'ophytic type divides under favorable conditions more or 
less every 20 <.fr .^0 ininules.-''"* '' Such a rate must ])e regarded as 
very rapid Itecause we know of no other lonn of lite, at least in the 
light of recorded ohservations, which multi])lies so rai)idly as do 
bacteria. Their dailx' j)rogenv is extraordinaril v large atid their ^ 
individual lives, aeeordingiy, are very short, hliis is not alwaxv 
true, liowever, tor many bacteria, e\'en under faxorable condition/, 
grow ver\’ slowlv. The dailv progenv of tubercle bacilli inust'^tic 
much less, as is indicated bv the slow development of c<kl:hhes. 
K(kk1. temperature: light, assimilation products and otheii' factors 
certainly exert greaR influence upon the rate of niimericalf increase 
so that the dailx' progeny even (jf the same sjieeies is not alwax’s 
con.stant 1)ut verx' x-ariahle. 

If untavoralde eomlitions prevail, liactena max’ (‘xjierience star- 
xation or iK'gin to sulU'r from tlahr own excix'tion ])roduets. In 
such eases thev produce resting sjiores which, as the name imli- 
cates, can long exist as individuals until under favoral)le circum- 
stances they again begin to divide. I shall refer to this in the tlis- 
eussion of a|)])arenl deatli. 

Yeasts — The rate ol multijihcation among yeasts ap]:)ear> mark- 
edly lower than among most liacteria hut as contrasted with <ither 
unicellular hnans it is of considerable magnitude. 

1'he duration of a generation, /.c., the ])eriod of time reijuisite 
for full dex'elopiiieiit of a daughter-cell xvhich originates by bud- 
ding of th(' mother-cell, can he determined by direct observation in 
a lianging dro]i or by calculation according to Ikisenau's**’' formula. 
1’his states that 

log f;- big a 

where (/ re]n'csents the original numher of cells, h the mimlier ol 
cells secured and / the duration of the investigation. The fonimla 
is x-ali<!, however, only under the assumption that tlie length of 
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gcncnitio!! during the nntiiT time / is the snine for every cell of tlie 
eulture and that eaeli new daughter-cell innnediately begins to Inid. 
J-Cspecfally is the latter of these conditions fre^juently lacking, 
whereuixm the length of generation, calculated according to the 
f<jnmila, is too great.-’ 

Pedersen-''"''' determined the length of generatiem in tlu* beer 
veast under diiferent temperatures and secured the following values 
during the first 24 hours of development : 

r.i;N(;TH 01' (jHXKRATroN' OF Rkfk Ykast 


Tcni])errUiiri' 

I )uraii«)ti til 

gem.' ration 

4’ ('. 


13.5-^ C 

lO.sV " 

23" P 



i2S" C 

r48 " 

W 

I9 

3«" P 

Xo hmlding. 


lU' using gelatine and the same lormiila, Ilox'er-'' secured the 
following : 

lo;N(, i li OF ( iKXKKATION OF BfFK "^'kAST 


l-Liigtli i)t generalinn 
13'' C. 25" . 


SoL'i'Iuiro }i!\( I's 

rasforiainis / lion sen 

... 6 Hr, 6 Min. 



S(Ui.Iiaf’<in!yi't's 

j'asl(triainis 11 . . 

. . . , 8 “ 45 “ 

5 Hr. 

12 Min 


J^astoi'ioiiKS Ilf 

. . 8 39 “ 

6 “ 

8 “ 

S(U(har()uiyn's 

eilif'soidens T 

9 “ 4 “ 

r> " 

12 “ 

vre.v 

rliif'soidcHS 11 

8 “ 49 “ 

0 “ 

9 “ 

S(U('har<>>nyit's 

uin> mains 

5 " 12 " 



\(j (■<■/( (rrni/)vr O' 

Luilwiqii 

8 “ It) '■ 



Saci'haytunyrrx 

memhraiiacfaeu'ns 

.... 7 " 1 “ 

5 “ 

13 “ 

Yeast Saaz 


.... 7 “ 48 “ 

4 “ 

23 " 

Yeast h'roliherg 

.. 7 " 21 “ 

4 “ 

18 “ 

"N'east af^ii'ulaliis 

. 4 ” 4.S •• 




1dic above data indicate, that under favorable conditions tlic 
lengths of generation of different species of yeast vary from tour 
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to nine hours and are influenced to a great extent by temperature. 
I'lirther experimentation will certainly show here also three cardinal 
temperatures with respect to length of generation and the latter 
will be shortest at a particular intermediate point, the optinnnn 
temperature. 

If the propagation takes jdace within a limited space, deficiencies 
of food, and poisonous secretion products w’ill soon exert an influ- 
ence to such a degree that the rate of multiplication will progres- 
sively decrease and finally become nil. It may l)e mentioned, inci- 
dentally, that other factors also can influence the length of genera- 
tion. c.g., the com]')Ositi(>n and concentration of the substratum, 
light and the age of the budding cell. / 

How long does the yeast cell remain vial)Ie and capable of Uirth/' 
development whe‘i external conditions render budding and i^^wre 
formation inijjc.ssible ? W'e must here distinguish betweeipryeast 
cells under dry and those under moist conditions. Many Vmds are 
very susceptible to (jesiccation and the longevity of the incJvidual is 
very short, llrefeld has shown that dried cultures of yeast lose 
their ability to multiply after 14 days. Aec(jrdjiig to Hensen, yeast 
kc{)t between sterile blotting paper remains viable at times for to 
20 months, l^kjur vears lias been recorded as the longest ])eriod of 
viability for dried vegetative cells ot a wine yt^ast and five years for 
its .s].)ores.‘“' Yeast spores generally retain viability longer than 
common hnd cells and m this respect rescmhle resting spores of 
bacteria. 

Under moist conditions the longevity of yeast cells is consider- 
ably .shorter and is de])endent upon water content, the jiarticnlar 
strain and tlie individual cell itself. Lafar .says: “Few resistant 
cells long outlive tlie main mass. 44 le inherent nature of the new 
lireed likewise determines whether its longevity will be longer or 
shorter. Tlie lower the temi)erature at which the cells are held, the 
longer do tliey remain \ ial)le. HeimtFerg has shown that 12° C. is 
considerably more unfavoral)le than 7° C. At 7° C. and after 120 
days a fifth <jf the cells still remained viable in the case of Froh- 
herg yeast. At 22° C. this strain lived about three weeks; at 30° C. 
it lived less than one week, and strains II and XII. as in the case of 
Frohberg yeast, lived about three weeks at 22" C.. though to a 
slight extent as 'reserve cells.’ In cultures of dense masses the 
cell,s generally die earlier than in thinner masses, probably as the 
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result of an accunnilatioii of metabolic products, J'or the sauio 
reason cells within the mass die earlier while tliose on the surface 
live longer. The longevity of veast is relatively short, therefore, 
when the cells are saturated with water. 

Such observations may be ot ])ractical value because, as is well 
known, )'casts are grown commercially and the most suitalde means 
of preserving them in living cultures is of importance for both the 
brewery and the home, 

Peridiniidae — W’e are indebted to Hensen'^- for ol)servations 
concerning the rale of mnlti])lication among the Peri<liniidae. In 
order to determine the daily increase by division, he employed the 
same formula which is used in the calculation of compound interest, 
applying the interest rate not tor the year, liowever, hut for the 
da\ If A represents the initial capital, re the interest rate, a the 
iiuml/m f)f days during which the capital hears interest, and C the 
total of^oth ca])ita1 and compound interest, then '[lie formula reads 


C-A. 


or, logarithmically stated: 




If we decrease the interest rate, or rate of increase, by one, we 
obtain the interest. 

On the basis of minierous calculations, Hensen found tlie rate of 
increase among Peridiniidae to average 1.2. This means that each 
cell divides on the avenige after five days. It the I ’eriiliniidae 
divide oiiec within five days, the daily jirogeny of the ntass regti- 
larlv amounts to one-hfth of the entire mass. 

Diatoms — Osing Apstein's ])lanklon catches. Hensen has calcu- 
lated also the rate of imiltijilicatioii among diatoms and has found 
\ to be similar to that of the Peridiniidae. namely, 1.2 or 1.2a. 
invoKing, therefore, a division every four days. 

Benecke’^-' attempted to determine the rate of nmlti])lication 
among colorless diatoms in hanging drops. Tor this imrpose, 
Xit;:schia puirida is well suited. A piece of yeast scum, beset with 
colorless s])ecimeiis of y<itzscJuii or a particle [>f slime, was ])laced 
u])on a cover glass in a hanging drop and observed directly under 
the microscope, 'i'lie autlior himself says he was not successful in 
securing consistent results, obviously because of other conflicting 
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organisms which developed at the same time in the drop. He con- 
hnes himself, therefore, to the statement that “the most raihd mul- 
tiplication was exhibited by two specimens of Kit:;schia pntrida in 
one culture which within a week's time divided twice. On April 7 
two s])ecimens were to be seen in the drop and eight on the 14 (at 
room temperature and in darkness)." 

.\lso Karsteu'^'^ made extensive observations on the rate of multi- 
plication. They are all the more signiheant since they were con- 
ducted with various s])ecies and under a vari(‘ty of culture condi- 
tions. They indicate, accordingly, liow greatly the rate* is influenced 
bv the composition of the nutrient solution and Iw other external 
conditions such as light and darkness. The cultma's were grown 
|)artb' in glass boxes, ])arllv u])on concave slides and ])artl}' m 
hanging dro])S. |h4.>r iiirtlicr details the original aceount should he 
Cftnsulted, i)ut.,.d'ie results of Karsteii’s work as iudicate(l ni the 
tahlc on ])age.'27 lie emphasized. n 

This table indicates that the daily ])rogeii}' of Peridiniidvie, de- 
termined by Jlenseu, is often surpassed and that in the case ot the 
colorless and exclusivelv sapro])hvtic Xitcschia f^utridii a value as 
high as 3.16 mav he obtained whidi means that these diatoms iiuiy 
produce at their best as many as 2.16 individuals ])er day. Karsteii 
remarks in this connection, however, that, since ttir his investiga- 
tions only rajiidly increasing forms were studie^l and all slowly 
growing ones were disregarded, a daily ])rngeny oi 1.2 may be re- 
garded in general as a better a\'erage ol inultiiiliealion among 
unicellular plants. 

d'liis conclusion ap]>ears to me too broad in its generalization, for 
bacteria also are uihcellnlar organisms and many times e.xhibit a 
mueh greater daily jirogeiiy than 1.2. Mven among diatoms this 
rate increase may be too low in many and jierhajis in most cases^ 
Richter'" has determined the daily progeny of Xitcs'cJiia putrida in 
carefully conducterl pure cultures and found a much greater value. 
.According to this author, it divides once e\'ery fn'e hours during 
the second day. This striking ditterence in the hiulings of ]R*necke 
and Karsten on the one hand and (jf Richter on the other is to he 
accounted for, according to J'iichter, by the fact that IRaiecke and 
Karsten worked with ordinary cultures while he employed ]nire 
cultures. Richter ventures to say that continued increase of bac- 
teria in ordinarv cultures is hindered hv their own secretions. 
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D.mi.v Prchif-nv ok I)lAT{)^[^; 


Xa-i'icitla f^crpusiUa 
Nifcschia Palra 


A iLT-srliia Clostcnum 


duhia 


1 ]irug{.‘iiy 
Light harkiicss 


. , . . 1.2() 

1.16 

.... 1.18 

1.06 

1.28 

1.17 

1.16 

1 ..56 


1.17 


1.5() 


1.21 


1.11 

. . . . l.f>5 

l.f>5 

1.20 

l.()0 

1.84 

1.5o 


1.58 


1.68 

.... 

1.41 

. . 2.^^2 

6 

2. 16 

0 

l.iO 

(1 

I.J7 

0 

135 

0 


XitrjSiliia pufrida J.tlS 

2 2a 
1.01 
2.t)4 
1.87 
1 .58 
5.10 
2.74 
1.87 


Desmids — \\'e are indebted to Andree.'^en.'’’'’ tor iiifonnation com 
cernintT the len^^th of t^^eneratiun aniun^*- these al|”'ae, 'Lhe rapidity 
of cel] di\ ision varies according to the luitrient solution and the in- 
(liviclualitv of the cellls. When provided with leucine, albuniin, 
(liuig extract or ])Ca decoction, i.c., when un<ler favoraltle nutritional 
conditions, the length (jf generation of Clostcnuiu luonilifoniic is 
about two (lavs. Front the initial stage of abstriction to the forma- 
tion of a fully developed daughter-cell is a period of about one day. 

In the ca.se of Cosiiianuui Hoirytis the length of generation 
varies, according" to tiie nature ot the solution, from 2 to 3.5 days. 
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Hyalothcca dissiUcns required four to five days for a doubling of 
the number of cells in a filament. The length of generation of a 
single cell of this alga could not be determined with certainty but, 
according to Andreesen, it amounts to 48 hours in this genus also. 

Flagellates— Certain flagellates, such as Eugicua gracilis, like- 
wise show a relatively high rate of multiplication,^^ particularly when 
provided with mixotrophic nutrition. This accounts for the fre- 
quent exceedingly abundant and rapid ajjpearance of Euglcna and 
other micro-organisms in manure puddles. In water barrels to 
wdiich cow dung had been added to secure a good fertilizing water, 
I have often observed Euglcna viridis appear in such great abun- 
dance that the upper layers were comi>osed of a deep green creamy 
mass, almost exclusively of Euglcna, 

Summary — Everything taken into consideration, our knowledge 
of the length generation, of the daily progeny and of tbe indi- 
vidual longevity unicellular organisms is still excee{lin^^ incom- 
plete, In contrastl with the great number of existing l|)ecies of 
unicellular forms, Uie number of ]:»ertinent observations ap|>ears 
markedly insignifiesmt. Furthermore, our information concerning 
length of generation or daily progeny gives nothing definite regard- 
ing individual longevity. To shed light upon this point, further 
e.xtensive observations on the various groups of the simplest organ- 
isms must be made. 

For convenience, nur knowledge concerning length of generation 
and <laily progeny among fungi, algae and certain other organisms 
may be summarized according to the table on page 29. 

From this table it appears at first sight lhal the b'ligth of gen- 
eration among unicellular organisms increases with increase in size. 
Bacteria, as the smallest, exhibit a very short division {period and 
the relatively large Peridiniidae and diatcmis show a much longen 
period. However, lliough the length of generation may he corre- 
lated w'ith size, it does not appear dependent u].)on size alone, for 
the comparatively large amoebae and cells of staminal hairs in 
Tradcscantia (length of generation: SO minutes), though they are 
quite large, nevertheless possess a short division period. Other 
factors also must then control the length of generation. A satis- 
factory answer as to what these factors may l:)c will be secured prob- 
ably only when aljundant material of the most varied unicellular 
forms l)ecomes available for study. 
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Till' LOXGF.MTY OF AIL'I/rifl'I.LULAR 

ORGAXIS.MS 

I he IkkIv of a nian\'-cel]e<l plant is composed, as is true of simi- 
lar animals, ot two kinds of cells, body or somatic cells and re])ro- 
diiclivc cells. In many lower plants the difference may not always 
he ^o'cat but with ])rogressiyely incrcasinj^ diyision of labor it be- 
comes more a])parent. The distinction may be obseryed clearly, 
however, among certain plants of relatively primitive organization, 
as in many of the X’olvocales. 

I he green alga I alz’ct.v forms hollow globular colonies crnisist- 
ing of many p; oto])lasts which are connected with one another bv 
tine ])rotoplasinic\ threads. The cells are not alike, however. 
Imt are differentiated into body and re]n-oductive cells, d'be latter 
constitute spermatozoids and egg cells. The male se.\ cells arise 
by division of colony cells into numerous danghter-cells and a]')])ear 
as minute biciliatcjinotile cells while the eggs represent enlarged 
green imniotile cobmy cells surianmded l)v a niucilagiiious snln 
stance. 

Fusion (»l an egg cel! with a s|>ennatozoid within the globular 
cobmy gives ri.se to an oos])ore which later forms a new colony. 
I’n/z’o.v can reproduce also asexnally by d(‘velo]>inent of daughter 
colonies throngb division of colony cells. 

Ihe reproductive cells are the evidence of continued regenera- 
tion while the residual bod)' cells reiu'esent the Iraiisitory stage. 
1 ins is true not only ot tlic sim])le i\)h'(KV hut also of the higher 
tuiigi, mosses, ferns and trees. I am in complete agreement with 
Weismunn when he lo(»ks upon death, in the last analysis, as a 
means f)f e.\j)e<licnc)' and says that he does not heliex'c that “life has 
only a certain ])eriod of existence merely because of its nature luit 
rather that an unlimited tenure life would l)e a whollv useless 
extravagance. Xature hjllows her own course and is not dieter- 
red by death wlien the latter would serve some purpose. 

liefore entering upon the ])roblcm of death, particular! v upon its 
causes aiid the as.sd>ciated phenomena of plant life, we shall briefly 
consider longevity among the various groups of plants and thereby 
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lill a noteworthy deficiency in hotanical literature, There has never 
been such a coinpilatioii concerning’’ the entire ])lain kingdom. 

CRYPTOGAMS 

ALGAK 

d'lioiigh the algae have been intensi\ely iiuestigated Irom \:iri- 
oiis viewpoints and iiuich has been contributed concerning tlieir 
life histories, we have very little dehnite inforinatioti r(‘sp('Cting 
tlieir longevity. Observations directed luirticularK’ n|)on this as- 
pect are cntirel\' lacking and 1 am able. conseipuMith’, to ])resent 
oiih' meagre iiilorinatioii upon the subject, derived, lor the most 
l)art. from ( dltmanus."- 

As IS w ell know n, the I .amiiianales include manv genera o! 
e.xtraordiuar}’ si/e. The sttilk of Lumiuaria saci'luiriua attains a 
length of from 1 to O m. and that of loinjirtis/ris ma>' heconie 
as much as 5 m. in lengtli : the sprea<l of the former may lie 2\ to 
3 m. and that ot the }atr(“r-l in. long and 60 cm. v.ide. Main- species 
(»l /.cssonni are tiee-Iikc' iii ap\)earanc<.‘ and the 'man ot /,. iiisci'st t'iis 
lu'Conu's 3 to 4 m. long and thick as a inaii's ijg, .\ rri-tn ysti^' at- 
tains a total length ol lOU m. and the stalk <>1 iMaci'iu yslis nia\’ be 
as much as 200 m. in lengtli. in its lower port,, on the stalk, secnrc'd 
to stones by its holdfast, is thick and destitute of leaves while tlie 
upjter portions are ro]>e-like and foliose. dfhis astonishing lengtli 
of Min'n>i'y.\iis pyi'ilcra is all the mon' remarkable in view of the 
fact that these plants are ol veiw ])niiiiti\'e (H'gani/.alioii and lieloiig 
to tlic' algae, h he tallest trees, In eoinpanson, attain heights of 
140 to 15fl ni. W'e iiuiy sn])])nse in \’ie\v of the colossal si/^e of tlu'se 
algae that sneh jilants do not comjilete their (Uwelopment within 
one war hut reijuire se\’eral \'ears, I have hec'n unable to tind in 
the literature any information concerning the e.xaet age of sncl' 
algae. Oltmanns is in accord when he remarks that we are still 
uninformed concerning the a.ge <tf large species among tlie J.ami- 
iiariales and tliat the only information wliicb be found was a note 
bv l'oslie'“ stating that four to live years elajjsi'd hefort* a location, 
once denuded of its growth of Laiiiinariale.s. was again colonized 
Iw specniK'iis aliout one meter in lieiglit. ( )n tlie assnm])tion that 
growth in length remains a])pro.\imately the .<ame during a long 
period of time and that this growth amounts to one meter ewry 
four yt'ars, a stalk of Macrocysiis pyrijcni, 100 to 200 ni. long, must 
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be 100 to 200 years Though this estimate mav he a])- 

proximate it is, nevertheless, certain that this s])ecies of Macrocystis 
can attain an age wliich is coniiiion only among trees. 

It is natural that the rings observable in cross-sections of stems 
in l.amiitariii, often 8 to 12 and more in ininilier. should be regarded 
as annual rings. J-lowever, tlaiugh their formation may l)e assto 
eiated with changes in toliage or growth j^eriods. there unfortunatelv 
IS no good reason as yet tor regarding them with certainty as annual 
rings. We can not enijiloy ihcin, thcrelonr tor the dctcrinination 
of age, 

In addition to those algae which live for years, there arc nunier- 
ou> others which live tor two years and hnallv an enormous number 
that exist lor only one jieriod of vegetative growth and ^vhich we 
can regard, though not entirely correctly, as annuals. Among 
them are many- species which h\ C‘ lor onl\ a lew wet'ks, a-' is indi- 
cated b\- their 'ja-riodic occurrence and sudde-n a])pearance in great 
numbers and their equailv sudden cli.^a] )))earanc{“. These' mav lie 
regarded as the shortest li\ed among the algae. 

-Mail}' algae can wythstand nnlavorable jieriods bv vari(»us means. 
<ome the summer, i, others the winter. Among them, /.ygotes. 
on-^pores and other siiecial cells assume the role ]ila\'ed m this 
resi)eci bv srx'ds and bulbs among higher ])lants. 

FUNGI 

It we co\er tresh moist horse-dung with a bell-glass, a dense 
iiKildy growth (.»f Mitcor Miiccdo ajijK'ars alter a h'w davs. .hitb- 
seguent to formation of sporangia the fungus declines and in its 
place a]»j)ears i^iluholus crysUilhints which discharges its si>orangia 
l<uvard the glass wall, llie source of light, and then also disa])])ears 
in a few days. It is tollowed hy a smaller mushroom, a s{)ecies 
of (A/n'/aa.w which lasts for only a k'w weeks. Ih'nallv we observe 
a fungus (it macroscojiic size, often no larger than a pinheacl, which 
belongs to the ascoinycete . Iscoboliis. This ra])id succession <>f 
fungal g(‘nera, suddenly a])pearing and then declining, indicates 
that \'ery short-li\ed lungi which live for only a few davs •>!' weeks 
are involved. Do we not observe a similar situation in the woods? 
.\s tliongh by a stroke of magic, a multitude of the most varied 

* 'I'houftli these figurc.s ajipcar inarcuratt', they represent a correct transla- 
lion of the original CicTnian. — F. 71. id 
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nuislii'oonis ( Agaricaceae, iJydiiaa'ac, Clavariaccac ) appears on the 
iloor ol the woods alter abundant rain and warm weather and then 
disap])ears as (jiiickly. Tliey live for only a few days or weeks and 
the (juestion arises as to how long the nneeliuin eNiste<l in llie 
giannid and sup|.)lied necessary materials for formation of fruiting 
bodies. 

I'hoiisands of niicrosco])ic multicellular fungi, occupying the 
greatest variety of ])hices .saproplivticallv or i^arashicallv, rareh 
exceed one halt to two \ ears. 

Mail}' M}‘Xom}'cetes, and I d i} com\'cetes sucli sjiecies of C’hvtri- 
(liaceae, .Saprolegniaceae and Mucoraceae are short-lived and usuallv 
live, except for their >])ores, onlv a few weeks. There are also the 
parasitic S\ ncl]}'triaceae, C ladociu'tnaceae, 1 ’eronos]>oraceata L sli- 
laginacea(‘ and Tredineae. and among these, particularly the IVri>no 
sporaceac' and the rusts and smuts ])ossess nncelia- Nvhich li\e for 
iiKniths upon the lutst jilants. 

\\T‘ an' indebted to Jahn'’' for noteworth}- iiu estigations on llu' 
longe\ it\' of 1 (lasniodia. I I is studies were cot^cenied cmtirely with 
the ])lasniodiuni (tt the shme-tungns fuid}\au',ju itfnnthins llerk. 
d'his species grows ver\’ eiiergeticallv ami nia” (‘asil} he cuU)\ated 
n]>on fungi which in Xalure su])])]y it with riourishment. In the 
dry atmospliere of a rooin it rajiidly forms sclerotia and when 
dei>riv(,‘d of food it soon sponilates. The longt'vit}' of ilu' first cul- 
tix'aled jilasinodiuni aniount<‘<l to 77 da} s. I hrc*e other samples 
ot the saiiH' strain li\ ed 77, 71 and 70 davs, res])ecti\ el}'. I here 
was ;m indi\idual ])eculiarity of this mati'rial. ho\\e\(‘r, lor sjieci- 
mens sectired from other sources could be kc'pt ahve 1 1 .T 1-15 and 
150 clavs. labn noted tNvo \ ears and <tne montb as tiie maximum 
]onge\ !ty timotig bis plasmodia, 

Cirowth was getierally vigorous at first, then gradiudl}' declined 
and finallv ceased. 1'liis decreasing growth was not. however, the 
onlv indication of senescence, ]W em])l(n'ing plasmodia of various 
7 a^'-es and allowing them to become moist again after first drying 
out, ]alm was able to make the interesting observation tliat }-oiing 
[ila.sniodia rea<li]y resumed activity Init that agtal maierial did so 
with (lifTictiltv or not at all. [aim remarks in this connection that 
tlie true curve of duration of latent life jirohal)!}' ascends rapid!}' at 
Hrst and tlien descends slowly, suddenly falling ott abnijdly, and 
after a while caiiitinues to decline as a straight line. Jalm concluded 
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that the plasnioclium suffered equally from loss of vitality whether 
in a dry or active condition. 

These .studies indicate tliat even in a simple organism as is rep- 
resented hv a slime-in(.)ld, youth, middle age and old age may )x‘ 
ol (served. 

In the case of a long-lived ])lasniodium of ahout three and a half 
years, the youthful stage, i.c., the peri(»d of energetic vitality and 
growth, lasts for ahout six months and is then followed by a critical 
]»eriod of decreaserl vitalitv and incr(‘ased perishabilit}'. ddiis is the 
behavior ol tlie |)roto|>lasni under cnlli vati!>n ; in Xatnre the vege- 
lati\e condition jiersisls during llie humid autumit ]>rol)ably no 
longer than lour to sux weeks. 

Among the Ascomvcetes are sliort- and long-lived species of 
^fscdholus, M(>rchcUa and Vcziza which rapidh' disappear when 
thev have attained the fruiting stage: manv Ascomvcetes, on the 
contrary, over- winter, as in the ease ol Kfiyhsimi accnua which 
])ro<luccs tlic laimlia’' black s])ots on maple leaves. C'onidia (le\ elo^.) 
during summer au<l Autumn wlticli over-winter and not until spring 
do the a>cocarps a]>]\‘ar as the Inial stiige on d(‘ca\ nig Itvaves upon 
the ground, 

d'lic' grealcst longevity among tungi is to lie loiind among woody 
aiifl corkv po]\ pores winch form large hracket-like tniiting bodies 
on trees aiul olten require many years for tlieir complete dc\elop- 
ment. 

d'lie foregoing account imlicates how incomplete our knowledge 
is Concerning longtwit}' of fungi and that it is inijmssilde at present 
to present more e.xact details. [ ha\e found iioiliing jiarticnlarly 
concerning longc\’ity in mycological literature*, not even in de 
llarv's'-' well known work on tiie com-|)arative* moriihoiogy and 
])i(tlog\' of fungi and other i)lants, and this is equally true for 
lichens. Should such in\c>tigations he undertak(‘n at sonu‘ liitnre 
time, attention must then he ])aid also to the various organs ol liingi, 
for, though the pileus rtf the coniiiion edible mushroom and of other 
s])ecies mav live for onlv a few \ve(‘ks, the mycelium wiiieli remains 
in the sniistratum may heliave altogethcu' di (ferently. It may re- 
sume aelivity again and again, dying oil in its okler jiarts. Attcii- 
ti(ni must he ])aid to how long individual cells of (he mycelium 
remain alive and it will probalily he found that: the mycelial cells 
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can attain a greater age in general than those of tlie fruiting Ixxly 
with the exception, of course, of spores. 

Twenty-five years" experience with the unusual liyphae of my- 
celium X, as shown Iw their (]e\elo|)inciU in light, liave indicated 
to me that this mycelium suffers in vitality within a year's time 
when kc])t under air-di'y conditions and that the .same is true also 
cif Xyhirio Hyl>o.vylo)!. 

Many fungi can survive long rest periods by means t^f sclerotia 
and other staU'S of tla* nn'cehum. The duration (>1 this period, as 
in the ease of seeds, l)ulhs or ro(»t-stocks, varies indivi<ltiall\’ and 
specifically acerirding to conditions. 

MOSSES 

In all the liryological literature to wiiich I have had access Sf> 
far, f ha\ e found inlormation concerning the age ot mosses in only 
one study hy Reichardt."’ 

[n trees and shrubs the age of the .stem may lie determined ana- 
tomiealh', among other means, h\- the mimlKU', ol annual rings, and 
in the case of certain herbaceous ]>lants. rjj.,X'oiix'allaria polytin- 
iuitiiiu. tlie age ot the rliizoinc can he ascertained morphologically 
Iw the iiiimhcr of scars re])resenting aerial shoots. Among imtsses. 
hou'cver, there are no indications of age ^vi^hin the tiny stem and 
lor this reason Keieharclt attempted to estahli.sli tin* age of moss 
.stems mor])lio]ogieal]\' h\' ^■egc*tatlve relations and by the regultir 
succession of axes, lie came to the eonelusion that we “can deter- 
mine the age of moss stems in all rlio.se cases where there is a regu- 
lar succession of axes of di ft crent rank, each ot which indicates a 
region of annual growth." Otherwise, lie says, the age of a moss 
stem can not he determined. 

Since T>ridel, two large grotips of mosses have l>eeii recognized, 
the acrocar]>ic and the jilenrocarpic. 1 he acripcarpic are tho.se 
w'hose main axis terminates in repnKliictive orgtins, 1 hey pos.sess 
liVriited growth, therefore, and when they produce lateral I)ranchcs. 
these, too, give rise to fruiting bodies at their ends and have. like- 
wise, determinate growth, Ih-oduction of reproductive organs 
occurs only once a year and the age ctf the stem may be determined 
according to the number of successive annual shoots. 

The axes of jdenrocarpic mosses, on the other hand, have inde- 
terminate gnwvth. d'lieir reproductive iirgans do not arise on the 
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eij(is oL the axes l)Mt iateralh*. liecausc of tiiis., the age of such 
mosses can not as a rule he deterniined with certainty. 



Fi(,. 2. PdJyfrii huiu sp. 
Stem with 5 annual 
separated by aiUheridial 
regions. Original. 


^\*hile referring’' to 1'tcichardt‘s discus- 
sion in counectioii with those features 
wliicli reveal the age of various mosses, 1 
want to call attention to liis remarks con- 
cerning dcteniiination of age in Poly- 
He stiys that the w'ay in which 
Polyirii-lutni reveals its age is of the 
greatest interest and the only exam])le of 
its kind. The male flowers of this ])lant 
form disc-like inflorescences on die apices 
of the stems. .After flowering, the stem 
regularly grows through the inflorescence 
and extends i)eyond it. The next year it 
flowers again at its new a])e.\ and then 
develops on once more. On such a male 
j)Iaiit of PoIyti'icJ}i(}u several disc-like in- 
florescences may ])e found one a])Ove tlie 
other, and since oiilv one flowering disc 
a|.)])cars annually these structures seiwe 
as a means of determining the age ot the 
plant. 

h^inallv, {\eicliardt concIiide<l from 
ins studies that the age varied in most 
cases between thre(‘ and flve rears and 
that only in very vigorously growing 
stems was there six to ten vears* growth. 

J liave found in species of Polytriciuiui 
that only the last one or two regions nf 
annual growth were actnall\' a1i\e. \\'lien 
Keichardt speaks, then, of ages (jf tliree 
to five or six to ten years it must he -AiV 
d(‘rst(K>d that he found that many regions 
of annual growl li on his j)lanls though 
they may not all liave been ali\'e. 

In figure 2 is portrayed a sj)ecimen of 
Polytrichiuu witli five regions of annual 
growtli, se];aratefl from one another In- 
flowering discs. 
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If we e.vatiiine the stem dt a moss f)Iaiit from lop tit hottom we 
soon (tl)serve that tlie leaves sijl'fer loss of fresliiK‘ss \vitli a^’o, tarn 
brown, decay and finally disapjtear, leaviiiif the stem (U'nndeil. 
Tile ^teln, loit. cventuall>' decays, though more slowly, and itiu of 
this progressive decay of leaf and stem fntm the bottom up there 
results an excellent layer itf humus which makes tliriflv growth 
fitr other plants itossihle. Among niitst mosses onlv a jiarl nl the 
stem is retained alter it <lies hut in manv otliers the entire deail 
stem p(Tsisls, I his latter condition occui's in two cases: 1 ) among 
jieat mosses when their lower ])ortions form a turf of jieat ; 2 ) when 
the lower jiarts of certain mosses become incnisted with calcium 
carbonate and graduallv Iniild up la\'(n's uf tufa, sonu^times seviu'al 
meters tliick. Keichardt ohser\-ed tins latter ])rocess in the ^ICunt^ 
ot the Xeuhaus baths near C'eljc, Jugoslavia ( formerly C’ilh in 
Steiennark). The tufa was formed there hv successi\'e incrusta- 
tions oi the lower parts ol a moss gr(u\ing at its apt.‘\. So tar 
as Keichardt was able to study tlie mass of tufa vertictilly. he 
found no interrujitioii in tlie course of ilie sl,em. lie arrived at 
the conclusion, there! ore, that all the lavers o: tuta several meters 
thick were fonne<l by gradual progressive incrnsialion in the ]oua*r 
parts o! a tnri wliich was growing at its snrtace. 

(rViiniosIoiiuiiii curviroslruiii i)la\'s a great pai‘1 in this inenista- 
tioii and tufa formation and the extent ot aiinuai shoot> can easily 
he determined. On the a\erage, it is tliree lines, d'lie elongation 
of this moss, tlierclore, amounts 

Jii 4 } car,s t(i 1 inch 
III 4M ycar.s to 1 lot a 
Til 2S<S \’cars to 1 tat 1 ion i 
111 144(1 years to 5 fatlionrs 
In 2H()(J years tti 10 fatlioins 

J-'roin his oliservations the author concludes that this and other 
species of moss can attain ages wliich vie with those of wry old trees. 

*’Wiough ]\eichardt’s investigations undoubtedly are ot gre;it 
value thev do not, in my opimon. admit ol the above-mentioned 
conclusion but only indicate that one and the .same moss stem may 
repeared]\' re.sume terminal growth for many successi\-e centuries 
When he savs that mosses may liecome hmidred.H or thousands ol 
years old he induces the misconcejition that tlie moss plant itself 
lives that long. That is certainly not the case, lor only the U])i)er 
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youngest one to ten annual shoots remain alive; all lower regions 
lonn a dense mass preserved hy caleiiim carbonate. If we want to 
determine the actual age. i.c.. the time during which liU* is retained, 
we must consider only the last annual growth regions which are still 
alive. Jn the light of our kncnvledge so far no moss can live longer 
than ten years even under the most favorable conditions. 

PTERIDOPHYTES 

Ferns. Rverv transitional stage may he found from the delicate 
Hymenoph}llaceae. only a few centimeters tall, to the mighty tree- 
ferns, 1 a to 25 m. in height, and a great variety in age corresponds 
to this varied develojanent in size. 1'he mere sight of the ]>alm- 
like stems of . Usol'Iiila and Cyuthru with their umhrella-likc crowns 
gives the im]>ressi()n that these plants represent relativelv great 
age. 1' rom observations whicli i liavc made in the tropics on tlu* 
growth of tree-ferns as well as troni s]K‘einieiis of . Ilsopliihi . ( v- 
(ithcii and Maraftia, cultivated in the i)alin-house of Scluhihrinin in 
\ ienna, I iiave come ir? the' eonclnsion that tree- terns can live lor 
at least several decades. 

kerns exhibit ])erenmal growth with either an ahove-gronnd or a 
>u])terranean stem. J'hev live, accordinglv, for two, or inorta or 
tor many years. 1. he greatest age is to be lonnd among the tree- 
ferns, An exact determination, ewMi aniting the lalttM', is not pos- 
sible. for there are no annual rings in the steins; the latter do not 
])o>sess secondary growth and neither anatomical nor morphological 
criteria are available for the determination of age. 

•Most ferns profluce spores either only occasionally or very often 
during their lives, and there are only a few which s])ornlate lint 
onc(‘ and then i)eris]i. Among the latter are Ccyatof>tc)'is fhalic- 
froi<l(\s\ s])ecies of .1 iiof/nniniia as .1. !cploph\lla and .•/. cluicro- 
pliylla, and, among i)lericlo]ih\tes in the broader sense, Sah'inia 
uatausp' 

In the case of certain ferns, the ])rotha]lia can live during more 
than one period of \'egetative growth, cs|)ecial]y when for various 
reasons fertilization is siqijiressed. It apjiears to me very ])r{)l)al)le 
that the longevity of the ]jrtaliallium can he considerably prolonged 
hy ])reventioi: of fertilization through separation of male and 
female ])rrjthallia and it might also he jxissible to jirolong the life 
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of tlie s]>orophyte by su])pression of all spiirf-licarinj^ fiainds. 
Inirtlier invest I'oation of this matter is very (U‘siral)le. 

The prothallium of GyinDoannunia Jepto^hyUa can ]>rolon^ its 
life and survive drying periods. It exhibits ])erennial growth^" by 
means of adventive sproiitin^^ while the asexual generation, the 
fern plant itself, dies after spore formation. 

Lycopodium. [ have found Iw careful examination that the 
shoots of L. annotinioii ])Osse.ss storied stnictnre similar to that 
which has already been rlcscrihed for rolylricJiuin. d'he Icsavis of 
caeh year's growth project hori;<oiita]ly from the axis, from the base 
to a region near the a])ex. or thev nui\' he directed ol)li(|uely down- 
ward. At the a])ex of each year's growth they are smaller, how- 
ever, and are directed u])ward into a small hud. These buds con- 
stitute rather distinct divisions between regions of snccessixe 
growth and the nnmber of annual .dioots still i)ro\’irlcd with living 
leaves may he determined and therein' the longe^'ity of the leaves 
themselves an<l of eorresponrliug j)arts ot tlie axes. ( )ne investiga- 
tion of numerous indn'iduals showt'd tliat un(|,er tavorahle condi- 
tions tile stem was able to attain an age of Iroiu live to seven years. 

PHANEROGAMS 

Among flowering plants, exeejit in the monocotyledons, tlie an- 
nual ring, which represents the yearly increase of wood, provides 
us with a generally reliable means for detennining age. d his is 
particularly true when the annual rings are shaqdy dilTerentiateil 
as in certain native trees, for example, tlie s]>nice, hr. pine, larch, 
oak, elm and false-aeaeia. 

If, on the other hand, the annual ring is narrow, it often consists 
of hut a few lavers of cells and its thickness then is only a fraction 
of a millimeter. This is true of many trees in the far Xorth where 
the ring count is (lifhcnlt even with a lens and in some cases can 
not be iletermined anv moia* accurately with a micr(jscoj>e. In ad- 
di^i, many tropical trees of e(inat<jrial regions, which live during 
the entire vear under rather uniform meteorological conditions, 
.show only very indistinct rings or iKjne at all and render tiic count 
very difficult or impossible. 

dfficse circumstances have contributed not a little to tbe fad that 
we do not possess detinite reliable information concerning the age 
of manv trees and shnilis. Keiiorts of age ofttimes are only esti- 
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mates and uiuloul)tedly invuh’e serious errors. It a])pears worth- 
while. however, to assemble what is known concerning the age of 
phanerogams, so far as I have been al)le to gather from the very 
scallerecl literature, for sncli a compilation, though not entirely 
c(n-rect in many cases, is of importanct' in connection with the 
general (jueslion of longevit)'. 

GYMNO SPERMS 
CONIFERAE 

Sequoia. Among the longest-lived trees are the coniferous se 
(juoias, characterized by their immense size. 4 hey were lirst dis- 
co\’ered in 1830 bv the English explorer Eohb (»n the Sierra 
Xevada Mountains in California at an altitinle ot about laOO ni. 
ddiere are two s]a’cies. .V. (/i{/aulca and S. scntpcrrirLHs, both in 
California. Thev there form entire groves and the largest nl tlie 
trees have been assigned various names by llie settlers, .\niong 
these names are “Miiher and Mother of the W oods.” “'I'Ik* Chil- 
dren." “The Three Sisters," “(ieneral I'reinoiit" and ” 1 he (dant 
of the ^\’otJds." 

These trees produca* the redwood esteemecl h}' the Americans and 
because of this they have Ijeen so wantonly felled that the American 
government decided lit declare them a Xational Monument an<l thus 
save them from conijilete de>l ruction. 

In moist region> ot E.urojie uincb are not too cold, as in the 
lertile valleys ot Switzerland and near the Lake ot ( ieiieva. sequoias 
are planted very success full \- as ornamental trees. lAen in more 
nortberl}- sections rather large trees may be found in wind j^ro 
tected and moist ])lace,''. In the inniiediate neigliborhoo(l ot \ ienna, 
in Xeiuvaldegg. I found a line tall sjieeinum whos(“ diameter at the 
liase was about two feet, aud while tra\-eling in C’alitorni^i in 18^18 
1 did not fail to inspect these* biological gigantic wonders near 
.Santa (fruz. Since those trees are most worthy of being seen, e.x- 
ctirsions are organize<l in America for that pur])ose. b'roiv: -'SaiV 
h'rancisco one arrives at the station “ijig 'frees” in three and one- 
half hours by train and upon ])ayment of a small caitranee lee 
he enters a wood (>f Sc(iiioia (jKjautca. 'i'hongh f had alrea<ly 
become acquaitUed witli giant trees in tlie tropical torests of India 
and Java, I shall ne\er forgc't the impression which these tree giants 
made upon me. One senses among them an astonishment akin to 
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worship aiKl thinks he has obtained a view into antediluvian times. 
P'ii^mres 3 and 4 gi^■e an approximate impression of tlie .threat dimen- 
sions (0* these mighty trees. One of them, known as (ieneral h'rc- 
iiiont, rises straight as an arrow for al)Otit 100 in. ; the lowest part 
of tlie hole is hollow so that ten persons can comfortaldy (hid room 
within the cavity. C.'lose-hy .stands a still larger tree, taller and 
thicker with a ei renin ference of 20 in. horse and \^•agon can 

eonilorttdily lie driven through some of tliese hollowed trees, d'hese 
are by no means the largest of the giants, Itowever, for there are 
some which have attained a height of 142 m. and an age nf several 
thousand years. 

Scijiiou! (jujuutca produces trunks which on the average are 83 
to 110 111 . tall and 3 to 10 m. in diameter, One of these, “d'he 
Father of the W oods." was 142 m. tall and at the ground had a 
circumference of 36 in. One could enter its fallen trunk for a 
distance of 60 m. and emerge again through a knothole. 

d'he llritisli Aliiseiim in London possesses a cross-section ol a 
tree with 1335 amnial rings anil the Museum ot Xatnral History in 
.\ew 'ikirk has one of a tree which germinated in the \'ear 550 
A. I). At the Chicagtj exjjosition in 1893 there was on e-\hil)it a 
cross-section which later was divided into parts and rlistrilniteil 
among liotanical collections. The Ilerlin 1 botanical Museum ])Os- 
sesses one of these with a radius of 2.35 m. CarcOul counting 
slpjwed 1316 annual rings. I'lte circumference ot tins trunk was 
28 in. at its base and its heiglit is said to have been 1 12 m.'’ 

l\fayr''‘ also visited the .sequoias during his journey througli 
Xorth .America and established certain valuable facts, some of wliicli 
will he ])resentecl here. Without attempting to hnd tlie liiggest, lie 
measured one in Fresno Co. anil found it to lie 102 m. tall, d he 
green branches began at a licight of 60 m. and the diameter, two 
meters ahme ground, was .seven meters. .Mavr did not think that 
trees 120 in, tall were in the least unlikely. On the basis of a 
dozen iiieasurcinents of annual rings througli the lower ])a^ts of 
>everal trees, he found that the average width of the annual ring 
was 1.2 mm. d'his number divided into the radius of the ahove- 
inentioned trunk gives an age of several thousand years. In tlie 
forestry museum of Fnissels there is ])reserved a sector which 
measures 1.8 m. from ])itli to bark. It was derived, therefore, 
from a tree (.>f only 3.6 m. diameter insi^Ie the hark; (.'iriiig the 
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first decade the tree grew with annual rings S nini. wide; after the 
first 100 years the width of the annual rings amounted to 5 mni. ; 
after 500 years to 2.5 nun. and after 1000 years to 1 nnn. ; at 1300 
years their width was still 1 inin. The total age of the specimen 
was counted, not estimated, to he 1350 \'ears. ( )n the assiini])tioii 
that this growth was typical of all secpioias growing nn<ler similar 
Conditions, he calculated the age of the most vigorous tree which 
he measured to he 4250 rears and regarded that age as (jnite 
j>rol>al)k‘. 

1 he findings ol Aniencan in\ (‘stigator> are in agreement with 
these figures, i^articularl v those of Muir '' wlu) counted about 4000 
annual rings on one trunk 10 ni. thick and who (‘>timated the age* 
of (tther secjiioias at 5000 years. 

I am not in a position to judge whether tlie statements of other 
authors, who estimate the greatest lu'iglit to he about 140 m. with 
an tige as gretit as OOOO \'ears. are jnstitied. for accurate measure- 
iiieiit'' are not a\'ailahle. However that mav be, there is. neverthe- 
less. no doubt on the basis of reliable ohsein ations that some trees 
may attain an age (tt alxitu 4(X)() rears and are thu> the longest-lived 
organiixins on our jilaiiet toda\'. 

Taxodium mexicanum Carr, Amtiiig the d'axodineae the Mex- 
ican swaiuji-cyprcss attains tlu* greatest age and ha> long attracteil 
attention h\' its great length oi liie. A sjieciinen which Ferdinand 
Cortez is said to have regarded one of the greatest wonders of 
America still stands in the little tonn ot knle in Mexico. 4 he trnnk, 
measuring more than 31 m. in circumference, one and a half meters 
above ground, sn])]>orls a wide-sjireading crouii 35 m. high and 
>o large that its circtimference is about 100 m. A. \\ I )e Candolle 
ai^crihed an age of 0000 rears to this tree and .\. vnii Humboldt 
attributed 4000 years to it. Com])arati ve uieasnrc’ineiUs have indi- 
cated, ]iowe\-(‘r, that (his swaniji-cypress can scarceh* Ik* more than 
2000 years old,’’- further ])ro(jf that estimates alone easily lead to 
inaccuracies and exaggerations, 

Taxus baccata 1., 4 his .s])ecics, fornu'rly very common hut now 

becoming scarce and even probably soon facing extinction, can 
tittain gn*at age. Mielck '"' calls attention to some verv large and cild 
yews, 900, 1225, 2090, 2000 and ev<*n 3()0{) rears of age. Accord- 
ing to the elder De Candolle, there are yew trees in Fhiglaiid which 
u ere standing at tlu* time of the introduction of Christianic;. 
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A thousand-ycar-old yt‘\v standing in \’ienna is pictured in the 
well known work of Ilcinpel and AX’ilhelin,’'*’ Its circumference at 
l)reast height is 3.07 iii. and its height abruit 7 m. 

A time-honored veteran is the yew at Fortiiigall in Scotland, 
whose ei renin ferenee is recorded as lieing c2 to S6 ft. d'his tree 
was (lescrihed as lieiiig cleft and hollow already in 1769, d'o-day it 
still consists onlv (.)f two se])arate ]iarts which stand in a semicircle 
while the upper ])ortion is gone. The annual rings of the retained 
woody structure are very narrow. 35 per 21 cm., and the tree's age 
is estimated at 3000 \'ears.’' In the cemetery at Crowhnrst iit 
Surrev are some yews whose age is estimated at 1.500 years. 

Fveh'n'^ claims that in 1660 he was able to measure a yew tre{‘ in 
the ceineterv of llrahiirn in Kent whose eirenmference amounted 
to almost 18 in. and which, aeeonliiig to A. 1’. lie Candolle s calcu- 
lations, was 2880 years old. 

Faher'*' has ]>resented a collective disens>ioii of giant tree> and 
of old trees in Fiirope. Among hroad-Iea\ed trees the wild chest- 
nut becomes verv old and is followed hv the linden, elm, lieeeh. 
]) 0 ])lar and walnut. Among eoiiiters the yew . lir, sprue(‘ and larch 
become \’ery large and (dd. 

l^'or various reasons we must em])lov caution in accepting reports 
Cfjncerning inaxinuim ages. They are usually ha>e(l igum aj)])roxi- 
mate estimates and not ujioii eouiits ol annual ring>. It i:^ well 
known that the vew po^Ni^sse^ rxtraordinaiw sjn'otuing po\\a‘r^, 
alwavs ajgiearing inclined to ])ruduce s])ront> from dormanl and 
secondary hiuls, esjiecially when injured, a tendency which accounts 
for its great power of vegetative iiropagation. As Fowe”'' has 
pointed out, this U'udency. as well as a method of lonniiig trunks 
jteeuliar to this s])eei(*s. must la* taken into account when jiulgiiig 
the age of yew trees. All yews often form a false trunk eonpxtsed 
of sex'eral stems and the former a])j)ears ;is though it weia* a single 
trunk : its age. consequently, may be far over-estimated. According 
to i.owe. the yew can attain an age of 200 to 250 years with a single 
trunk and allegedly older trees have false trunks. W'lK'iu'ci'r the 
intact trunk of a yew is shattered or damaged, which occurs at 
least <tnce in a ceiitury. numerous shoots arise arotmd the base of 
the main stem from ad\'enti\ e liuds. ( )n the way to W'yndchfYe, 
Jxjwe found a yc‘w which, as is shown in hgure 6, clearly exem])li~ 
lies this development, l.owe savs that this tree. 30 cm. j ' diameter 
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0, Sclifniatic scciion ihroiigh an old yt'W at Tiiilcru, Knglaiid. 
Aroiintl ilu' dead main iriiiik ai\' iwo circles ot danglucr tr<“cs which pre- 
snniaitjy will all liisc together, h'roni l.ouc. 

and altoiit 60 to 70 years old, had already ])een detid 15 to 20 years 
hnt \va.s stirrouiided by two ci redes of younger trees. () to 10 eiu. in 
diameter, 'flic eight small trees of the inner ring leaned directly 
against the dea<l trunk while the outer circle was composed ul 1 1 
trees somewhat smaller than those of the inner circle. 1 he young 
trees stood so close tt) one another, h()\ve^'er, that in the course ot 
50 to 60 years he exi)ecte(l them to grow together into a single 
trunk. The diameter (A* this trunk wtnild them according to cus- 
tomary calculations, indicate an age ot ahf)nt 400 years while actn- 
allv it woiikl he onlv 150 vears old. The total diameter of the grou}) 
at that time was 1.45 ni.''^ 

Cupressus sempervirens L. l itis tree, so strikingly character- 
i.stic of the Ualiaii landsca])e, is native to northern Persia and the 
eastern i\Ie<literranean region, having e.\ tended its territory pro- 
gressively more and more eastward. It grows very slowly, attain- 
ing great flinicnsions and an age of 2000 to 30CK) years.’’" Old trees 
are over 50 m. tall and up to 3 m, in diameter, " I he old trunks in 
Giardino Gnsti at VdTona are famous; there are 200 of them, many 
of which are 400 to 500 years old and some of them reach a height 
of 40 m. Other well known specimens are the giant cypresses at 
the \’illa d’Estc at Tivoli near Rome, at the .Mhamlira in Spain and 
in hiirial/gronnds of Constantinople. S])ringer say.s there arc sev- 
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eral cy])resscs around Lago Maggiorc, 620 }^ears old and 10 m. in 
circumference in the lower portions of their trunks. He states, 
furthermore, that a large .specimen in Somma near Vesuvius had 
already become a stately tree in Caesar's time. ChrisC^ mentions 
a tree 3.8 m. in circumference near Lugano and Grisebach'’^ notes 
two others more than 1000 years old at the cloister of T.avra in 
Athos."'*-’''’'^ 

Juniperus communis L. Freymann calls attention to the largest 
juniper in the parish of Krmas in Livonia, a tree which stood in 
the open near an old sacrihcial site. Its circumference was 2| m. 
and its age estimated at 2000 years. Thirty years ago, after it had 
])egiin to dry our, the tree was Irroken by a storm.”'’ 

Juiiijiers 300 \ ears old are iiiorc frequent. A specimen 48 mm. 
in diameter in the woods of the northern I'atiiius mountains was 
found to show 108 annual rings. A Xorwegian specimen, 33 mm, 
thick, w'cis 297 }-ears old and another on the Kola peninsula, 8.3 cm. 
thick at tlie ba.se, was 544 years old.”' 

Juniperus nana Wdlld. An old specimen at an elevation of 2600 
m. in the Alps was 103 years old.”^ 

Abies alba IHill. Xdggerath reported in his work of 1847 on 
the origin and development of tlie earth that a fossil coniferous 
trunk (hiL')' diameter and with 792 annual rings, was 

found in the lignite de])osits of Friesdorf near Bonn. 

Alielck”” describes fir.s 300, 400 and 500 years old. According 
to A\41hdm,‘'' these trees can l)ecoiiie 1.5 in. thick and 200 to 400 
}'ears old, Dtlier figures ascrilie ages even as great as 800 years'^ 
and Schaclit counted 350 to 700 annual ring's.’’- 

Picea excelsa Lk. The maximum ages of Xorway spruce are 
reported as being 200, 300, 400 and even 1200'^^ years. 

The so-called ■‘Alonkey \ alley spruce" at Liehstiitt in Bavaria 
has a circtimfercnce of 6,3 m. around the stum]), 5.3 m. at breast 
heiglit and a total height of 38 m. An estimate of its annual rings 
indicates an age of 350 to 400 years. 

The st)ruce of Stiegelschwand in the Canton of Bern is estimated 
at 300 to dOO'-* years. 

Larix decidua A [ill. Trunks 35 m. and more in height with 
diameters of ^ in. arc known and can attain an age of more than 
half a century.' ’ 

In W'allis. especially in the l^ark of Saas-Fee. are the sloV -grow- 
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ing larches of the high mountain ranges. They are known as stone 
or ridge larches and are healthy trees, one to one and a half meters 
thick and 600 to 700 years old. 

Klein counted the rings of such trees to determine their age. 
Trees of similar size, though isolaterl, occur in the neighborhood of 
the Rilfelalp where, according to Klein, “a sawed-oll larch stump 
near the Findel glacier, 85 cm. thick within the bark at breast 
height, showed 20 narrow rings in the innermost part, then about 
100 wide ones and finally narrow ones again, altogether 417 rings/' 

The maximum height of the larch has been reported at 5.T7 m., 
the niaxiinum diameter at 1.6 m. and the greate.st age at 600 years.'® 

Pinus sylvestris L. Roliinerlc^' reports 584 } ears as the great- 
est known age limit of this .species. \'arious other Scotch pines 
arc recorded as being 150, 250, 300, 463 and 500 years old. 

Pinus nigra Arnold var. austriaca Hdss becomes 500 to 600 
years 

Pinus canariensis C. Smitfi attains an age ol 440'^ years on 
T'eneriffe, according to Schacht. 

Pinus Cembra L. According to Klein's"® views, the alleged 
maximum age of the Swiss stone-pine is usually too \o\\\ Accord- 
ing to Kerner and Willkomm, it amounts to 700 years. Woditschka. 
estimates tlie age at 500 to (300 years, in some cases at 1000 years. 
Klein u'as in the fortunate position of being able to make exact 
detenniiialions in this direction, for he di.scovered .specimens of 
wonderfully de\'cloped and \'ery old stone-pines on stony .slope.s 
by the Findel glacier in the neighborhood of the Kii'felalp. In- 
cluded was a tree with the very unusual circumference of 7.65 in. 
Klein explains hi.s method of determining the age of this .specimen 
as follows. In the immediate vicinity of this tree were several 
very old pines sawed off about one meter above the ground. The 
wo<kI of the.se stumps was so sound and well ])resein'ed that their 
ages could he accurately determined by ring count to within two 
or three decades. The average diameters and ring counts corre- 
sponded so well among these stumps that the true age of the largest 
])ine could be calculated on tlie basis of its circumference. Of the 
three stumps which he examined tlie largest had a circumference of 
4.8 m. and a diameter of aliout 1.53 m. ; approximately 730 rings 
could be counted to \\Fich 20 more had to he added for .the small 
decayed portion in the center, giving a total of 7.50 years. A- second 
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Stump, 2,3 111. in circumference micl 73 cm. tbrougli, had 340 rings: 
a third, 1.7 ni. around and 54 cm. thick, showed 250 rings, and a 
sau'ed-oli' branch of the big pine, about 50 cm. through, likewise 
showed 250 rings. 

One oliserves in these figures that the age is about five times the 
diameter expressed in centimeters. I iilti plication of the above 
diameters by live gives, then, 765, 365, 270 and 250 years. For 
our pur{) 0 .se, these figures based on diameters agree comidetely 
with those determined liy actual count of annual rings. If we multi- 
ply the diameter of the largest pine, 243 eiii,, by live, we arrive at 
the extraordinary figure of 1215, in round numbers, 1200 years as 
the age of our tree. 

Another pine oljseiu'cd by Klein on the same site had a circum- 
ference of 4.5<S m. Klein estimated its age to lie between 1000 and 
1200 years and it might have been e\'en older. 

Pinus Strobus L. Specimens 400 to 450 years and older are 
known. 

Dammara australis Steud. According to estimates of Hoch- 
stetter, there are specimens of Kauri pine 700 to 800 years of age.*~ 

Cedrus Libani Loud. According to Booth who traveled on 
Mount Lebanon in 1836, there were still about 351) specimens of this 
species. “The youngest of them," he says, “was about 25 years old 
and the oldest appeared so old, in \ iew of its unnsnal dimensions 
and antique aspect, that it would not be at all surprising if these 
trees already existed at the time of Solomon. The largest tree 
Iiad a circumference of aliout 46 feet 8 inches and was 110 feet tall. 

The age of the oldest of these trees can not he determined more 
precise!}' Iiecause it is liollow and only the bark and a narrow por- 
tion of the wood remain. According to various observations,"’'' 
including those on the gro\vth of the oldest cedar in the Jardin dcs 
Plantes in Paris, this species can acquire an age of 1200 to 1300 
years. 

GNETACEAE 

Welwitschia mirabilis Hook, f. A member of the Gnetaceae, 
very remarkable because of its structure, who.se sliort stem 6>0 cm, 
tall bears, in addition to two cotyledons, oiiI\' two large, oiiposite and 
persistent, thick, leathery leaves up to about one and a half meters 
wide and two meters long. Entire at first, the leaves later become 
frayed tbeir entire length into several contorted and upwardly arched 
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ribbons, tlu'ir tips lyin^ on the ground. At the base of tlie plant 
is a region which periodicall} elongates, h’roin this region tlie leaf 
continues to develop, while at its tip it gracUially dries out and dies 
olt. The plant grows very slowly and becomes 70 to KK) years 
old.'-" 

ANGIOSPERMS 

Monocotyledons 

Definite inlonnation concerning the age of U)ng-Iived namocoty- 
ledons is not available because the stems ol these plants do not 
possess animal rings and we ha\e, conseciueiitly, nn reliable means 
ttf determining their ages, d'he attempt to decipher tlieir ages hy 
means ot leal .scars likewise leads to no i>ractical results. 

\\ q must conclude, however, from the stately proportions which 
])alms can acquire, that they are iiuU'ed able to attain great age. 
The wax ])aini, Ccroxylou andtcolKui, which grows in the Andes and 
whicli was carefully studied by A, von 1 limil)(»l(lt, exliibils lieiglits 
of 52 to 60 111 . C'oncerning its age, howev er, tlte literature contains 
no reliable information, 

LILIACEAE 

Dracaena Draco L. \\ hen the Si)aniards captured the island ol 
^Teneriffe in 1492, thev found a large dragon-blood tree in the town 
of Orotava, wbidi then already was very old. A. von l[umbnldt 
admired the same veteran in 1799 and estimate<l its age to be be- 
tween 5000 and 6000 years. Its circumference at that lime was 
about 15 m. and its height appro.'dmately 22 m. As is mflicatc<l 
in hgnrt' 9, the trunk had a huge cavity which gradually weakened 
it to .sitcli an extent that in 1868 it was destroyed hy a hurricane.'" 
(_)ii the l)asis of these historical facts and tlie idea that the dragon 
tree grows verv slowly, lininholdt regarded this tree as vL*ry old 
and estimated it to he 6000 years of agx;. 1 hat was merely an (‘sti- 
mate, however, for the dragon tree is a inonocotyledonons plant 
whose age cannot be accurately established because it possesses no 
amiiia] rings. 

A few years ago Outter'*'" '' spent some lime on Tenerillc and 
made a most valuable critical study of the age of the dragon tree. 
He rejected, first of all. the historical basis which J Iumholdt em- 
ployed, because little credit could he accorded the numerous tales of 
the inhabitants who not infrecpiently do not know their own ages or 
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Fig. 9. The alleged GOOG-ycar-ukl (Iragou-hlood tree. Dmi anui Draco, of 
Orota\a, Tencrilife. From the original drawing l>y J, Sclleny. 

that of tlieir cliiklrpn. Putter enclet.n'f)re(l. therefore, to deternune 
whether the dragon tree real]\' grows s(» \'ery slo^\•l}^ and because 
Huniboldl’s tree no longer existed he sniight coin])aral)le but living 
s])eciniens. It developed that in 1799 the tree of Orotava possessed 
a circiiiiiference in the region of its roots of 14.6 in. ; a diameter, 2.S 
to 3 ni. above ground, of 3,3 to 3.65 in. ; and a height of between 
15 and 18 in. Tlie tree of Icod de los Vinos in 1925 was 17.45 ni. 
around near the root, 4,S2 ni. in diameter and 22 m. tall. 
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These tneasurenients indicate tluu tlie tree nl Katd exceeds tlie 
one observed by von Muniholdi in all dimensions. According;' to 
the ineasurenicnts of Schaclit, Sainler-l^rown, and Putter, llie tree 
of Icod lias annually increased S cm. in circumference durinj^ the 
last 68 years. On the basis ot Putter's calculations, we can con- 
clude tliat the <lra^'nn tiaa^ of lend, which surpassi^s the famous 



Fi(i. 10. 'Die dragon-blood tree of Icod dc los \ iiios, atmui 2d mcii-rs 
tall in 1023. I'rom PiiUcr. 

Humboldt tree in size, is certainly no older than 185 yeao's. .Ac- 
cording to Piitter, the [)eculiar method of hranclnng which the 
dragcui tree exhibits can also he used as a criterion of its age. As 
soon as a shoot has Idoomed it thereby loses it.s terminal growing 
point; thereupon elongation takes idace and new shoots arise Ite- 
neath the old tips. The dragon tree usually Idooins.everv 8, 11 or 
12 vears. If this is correct we should he al>le tt> determine its size 
on the basis of the luimher of flowering ])eriods as lietrayed by the 
scars. By this means also Putter liecame convinced that among tlie 
living dragon trees none was more than 200 years old. I le regarded 
the tree of Icod as being 160 to 170 years of age, and since this tree 
is larger in all its dimensions than the famous one of von I lumlioldt 
there is reason to doubt that the latter was any older. 
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Dracaena cinnabari Bait. til. Prof. 0. Siiiioiu', who traveled 
through Socotra^' in the service of tlic Inij^erial Academy of Sciences 
in \henna, brought, among other things, a ])hotograph of an old 
si^eciinen of Dracaena ciuuaban whose diameter was 1 .6 in. Accord- 
ing to these dimensions, we must conclude that this tree, too, can 
attain a great age. 

Polygonatum. The subterranean ])arts oi this genus ])ermit 
determination of its age according to the large scars wliich remain 
on it after the dying-ott of the aerial shoots. It is these scars wliicb 
have bestowed upon the ])lanl liic name of Solomon’s seal. 'I'he 
jdant con.sists of a fleshy, creeping, sympodial axis with veiu* dis- 
tinct internodes which are separated from one another by the 
ahead}' mentioned .scars. Since the internode represents tlic annual 
g^rowth of the rhizome, the age of the entire living rhizome and of 
each part thereof can be determined by tlie number of internodes 
or scars. 7 he root-stock grows at its tip and dies off behind. 77ie 
individual annual increments long remain alive, at least for I.s 



Fig. 11. Polygomhnu officinale. A rhizome with eleven leaf scars indi- 
caliiig as many years of growth. Original. 


\eais. Such 15 year-old axes in the case of Folygonutiim multi- 
fioruui can become more than 40 cm. loiigv"^^ 

Lpon my instigation, hdamnff^ investigated the age of the rlii- 
zome of several specie, s and found that the following ages can he 
attained ; 
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7 

Polvifouatntn hitiioliuiu 

« 

. Isanim CKropitaiDi 

14 

PoiyiioihUum ojin'iiiah' 

h. 

Polyi/o)h!tun! tiiidfifionoij 

. . . , . 17 

Polyiianatinn ':rrticillalu)n 

17 

AfttJii’riruDi 

17 

Paris tjKadriioHa 

17 


DICOTYLEDONS 

BETULACEAE 

Betula verrucosa (uTUtcst age usually 90 to 100 years; 

rarely 120 years or more/'''" 

Betula nana L. W’e are indebted to Kraus^' for valuable clata 
concerning' the longevit\' and growth of some northern sbrnlis in- 
cluding. among others, the dwarf iiircli, figures concerning whicli are 


presented in 

.\<;k 

the following table 

ANM GkOW I'll ns TllK 1 

)\\ ARh lllRCn AT 73' p \’. 


1 

Radivis j 

W'idth of 


Xo. 

Age : 

of stem 1 
in mm, ' 

annual 
rini; in mm. 

Remarks 


4i) ■ 

4 

.1 

Errentric growtli. tliick as a ([uill, 
al)out ! dm, long; tniK'l'i-l)nnu‘lK’d 
stem with correspntuling root de- 
velopment. Maxinniiii radius. 4 
inm. ; niinimiini, 3 min. 

2 

80 

6 

,07 

\Ary uuiforiiily developed. 

3 . . 

53 

12 

.23 

W ell developed round stem. 

4 . . 

67 

8.5 

.13 

Diameter 12 mm. 

5 , . 

62 

9 

.14 

R^ah, 

6 

10 

16 

1.6 

A specimen from the botanical (lar- 
den of W’iirzburg. 


his table indicates that the oldest tree investigated was HO years 
of age although the radius of its stem amounted to, only 6 mm. 
This is understandable it we take into consideration its extraordi- 
narily narrow annual increments in diameter, lor the thickness of 
the annual rings was only .07 mm. Such plants of the iar Xorth 
appear young at hrst sight hut upon closer examination they show 
up to be old aiul crippled veterans which attain great age in spite 
of the iinfai'oraldc conditions of the Arctic. 

Since flowering, fruiting and reproduction of northern plants 
often suffer from climatic factors, special ada])tations iirovide for 
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tlic maintenance of the individuals and they are thereby assured the 
greatest possible longevity.’’- This is equally true of other woody 
plants of eastern Greenland investigated by Kraus and to which I 
shall later refer, z'/T, Salix arettea Pall., Vacciniinii uJ'njinosuui L. 
and Dryas octopctala L. 

Plants growing in mild climates attain in their youth greater 
thickness than do those of the jVrctic. This is exemplified in the 
oldest spccitncn of dwarf In'rcii from the Schongauer moor, which 
revealed only 22 annual rings in a diameter of 1 1/3 cm.”’’ 

Betula odorata BecJist. from tlie Kola ])cninsula showed 124 
rings in a 22 cm. cross-.section.^* 

Alnus glutinosa Gaertn. 100 to 120 years old, though one sj)eci- 
men has licen estimated to be 300 }'ears of age.’*'^ 

Alnus incana iMoendn A specimen on the Kola peninsula had 
a diameter of 48 cm. It must ha\'e been rather old if we reflect that 
a sector of another trunk in the same regnon showed 03 annual rings. 

Carpinus betulus P. The hornbeam seldom acquires an age 
greater than 150 ycairs thougli in isolated cases it may exceed 250 
vcairs. 

Carpinus duinensis .Scopoli. The, oriental hornbeam seldom 
exceeds 100 years. 

Ostrya vulgaris AVilld. Seldom exceeds 100 years. 

Corylus avellana P. 60 to 80 years. .\ giant specimen in llie 
park of the Schwd])])er e.state in Hanover is estimated at 150 
years,’"’ It is 10 m. tall and 2.2 in. in circiimference, 1 in. a])o\'e the 
ground. 

Corylus colurna P. Generally not over 100 years. 

Castanea vulgaris Pam. The chestnut becomes very old, 200 to 
500 years of age. The famous Castagno dei Cento Cavalli on IMouiit 
Aetna is worthy of mention. A\hthin the memory of man, its trunk 
has alway.s been hollow and divided into five sections with a total 
circumference of 64 in. Kanngiesser refers to the idea that these 
five sections once formed a .single tree and Swiiihiirne claims lo 
liave become convinced by digging around the tree that although 
it is split to the ground tiie five sections are all united under- 
ground.”' On the Donnersberg in the Rlieinpfalz there stands a 
400-year old trunk 9 m. in circumference and in the IMaggiatal is a 
500-year old specimen. 
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FAGACEAE 

Fagus sylvatica L. Sekluni excet^ds 250 years.*''^ Tu excep- 
tional cases there are (dder specimens. (One nt ilie largest stands at 
Montigny (Seine-Infcrieure ) at tlie edge of the \vcn)d Konmare. 
Its age is calculated to he between 600 and ^)O(’) years.'*''" '' 

Kanngiesser*”*' gives a list of very old trees in a table which i^ 
presented herewith. Obviously, only those sjieciniens are consid- 
ered which possess a circumference of more than live meters. 

K.\Mors Old Iboa-u Trkks 


Location 

C'irciim- 

ferenee 

Height of 
diameter do- 

I’Xlinia- 
tion of 


meters 

tertninaliun 

years 

Beech at Fliins in Graiil)iinden"’^ 
Ludwig’s beceh in the Oherfdrsterei 

5.30 

1.20 m. 

3{K) 

of Kraniclisteiii near Darm- 
stadt'*’- 

La Houssa 3 'e, near (hicrhavillc, 

5..D 

breast -height 

300 

Xormandy'*'-^ 

T.e Rourdigale beeches near Have, 

5.43 

1 m. 

375- .-75 

XormatulyO'^ 

5..5.S 

I m, 

375-375 

i^^denberg in OberfranketL""' 

ca. 5.S 


800? 

Burghof l)eeclies near Jena in the 
viciiiih' of tlie forest house’"’’. . 
High beeches at Dannweiler, 

2,70 

1 m. 

100 

Rheinpfab’”” 

0.30 

1 m. 

- 

At Danisch Xeiihof^"^ 

7.40 

3(1 cm. 

- 

Montigny. Xkirmandy*"^ 

X’euhuttengraben in mts. near 

<S.20 

1 m. 

h.W-030 

Tcgcrnsce'’” 

7 

breast-height 

- 


Quercus pedunculata Ifhr. d he Lnglish oak"' can become 
old but its age is often over-estimated, fur r>n favorable soil it 
can grow U ni. in diameter and yet he mn more than, 12.s years ot 
age. Three-hundred-year-old oaks are not a rarity in Spessart. 
Five-hundred-year-old trees have also been found and Kanngiesser 
and iNlielck admit even 1000 years. 

The well known botanist, (fioeppert, togetlier with his students, 
used to visit one of the largest oaks of Germany, an (vnglish oak 
which stood at Pleischwit?. near llreslan. In IH46 this tree was 
more than 24 m. tall and had a diameter (jf 4.4 m. and a circumler- 
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eiicc of 13.2 111 ,, two thirds of a meter above ground. Its tninl 
was hollow and the ca^'ity could accommodate 30 men, When this 
tree liroke down in 1857 its age could be determined fairly ac- 
curately and was found to he 700 years. Since this was one of the 
largest oaks known, we may conclude that oaks can onh' rarely 
attain an age of 1000 years or more, for even the largest of those 
described b\' E\’elyn^^' were not so great as tiie Silesian giant. 
Likewise the oak described by von riumholdt which stood at IMon- 
travail near Saintes in tlie Charonte InftTieure and whose age was 
regarded by him to he between 1800 and 2000 years, could hardly 
liave been half so old. d'his is indicated bv a hVench record 
wliich states that it was onl}' 10.85 m. in circumference, one meter 
aljo\'e the ground, smaller dimensions than those .shown hy the 
700-ycar-old oak of IMeischwitz. 

At the gate of the water-way at Alagdalen College at Oxford 
there was an oak so large tliat it could shelter 3000 ]>ersons. Se- 
\'crely mistreated during the construction of a walk, it was de- 
stroyed ill 1788 and its age was calculated at 900 3 'ears.^'‘^ 

According to Becker, the a\'erage age of the oldest oaks in 
Hasbnich should he estimated at 1200 to 2000 years, and on fallen 
trees 1100 and 1500 annual rings were counted without taking 
consideration the central cavit}-. d'he diameter of the largest tree 
was 2^ to 3 m. at breast height. 

Jolv”'* re])orts an old oak at Erie in Westplialia whose circuni- 
fercnce at breast height was 12 m. and whose age was estimated at 
1500 years. 

The following table derived from KaungiesseC^' concerns vari- 
ous famous old oaks, It is not always clear, however, which species 
i.'^ concerned. The English oak, 0. Iwilnucuhita, becomes mucli 
older than the Durmast oak, 0. scssilr'llora, and, therefore, very old 
sjiecimens must he regarded in most cases as being English oaes. 
It is Kanngiesser's o])inion that those greater than 10 iii. in eireuiii- 
ference are, probably without csceiniou, English oaks. 

Kanngie.sser’^''’ gives valuable details concerning the oaks men- 
tioned in this fable. 

Quercus sessilifiora Salisb. An oak on the e.state of Tmbshausen 
ill Tdanover had a circumference of 8.5 m. at breast height and, close 
to the ground, 10.5 lu., while its age was estimated at 600 to 700 
years.’ 



Quercus Cerris L. Usually not over ICK) years. 
Quercus Ilex L. Can become several centuries old. 

l^AMors Oi.h Oaks 



Circumfer- 

1 lei.iiht (O' 

hist inial ion 

Location | 

cncc in 

(liatrieter de- 

ot age in 


meters 

termination 

>'ears 

Orcriulalo Oak in W'allu'K'k 

h.jh ( lh(U) 

r.rc;ist-heighl 


Park"' 

10.20 t b)()4l 

.\t the ground 


ErzlKTzo^'-Tnhann-Oak"'* 

11.10 (DOOi 


- 

(dfutl ami without hark! 

7.0« 

I Ireast -langht 

500 t>00 

Royal Oak. Wdiulsor' , 
Fingerpost Oak at I^as<tlz- 

S 

<)5 nn. 

1200* 

ried’-* 

Sdn'inherg Oak at Kemp- 
ton'-- .... 

s 

p 

Man's hei.glit 
,> m. 

700 

<s.,^o 

Preast- height 


F>roa(] Oak at Kirtori'-'-^ 

7.00 


SOO OOO 

At Picltne.snil in Xorinandv^-' 

<s.s.^ 

1 m. 

700 0(10 

Proad Oak at ilruckinniiP-’’ 

10,20 

.k)eni 

1000 

Devil Oak at \'ulkenroda^-''' 
King Max Oak at Kirck- 

0 

()5 em. 


seeon'-' 

0 

[k’east -height 


Chapel Oak at Allouvilk*^ 
Oweii-OletKlower Oak at 

0.79 

1 m. 

SOO 000 
Standing 

Shrewshury^--’'' 

]2.5() 

“ 

already in 
1405 

^^ayors-Oak at W'orksop''"" 

10.5 

1.55 m. 


Wendelini-Oak at (ieistekL" 
At Plei-scluvitz in Silesia, 
<»vertl!ro\vn hv storm in 


— r 

1 100 

1H57'-'- 

15 

o5 cm. 

;{)() SOO 

Montravail at Saiiites''^-" , . 

14,10 

.\t the groimd 

2000? 

Fairktj) Oak in I'A>e.\' 

.\t K(trtlinghauscii in I’rus- 

14,SS 

" 

500? 

SKI ^ 

12.4 

Xear 

the ,gr( nind 


(iowtliorpe Oak at Wethertn 

Li.S 

.\t the ground 


in luiglaiKp-'’' 

15.5 

02 cm. 


AtyWehlan in Ikist Prussia, 

11.5 

1.05 

l.'oo 

^Tio longer standing^ '’ 
43aiiiorey Oak in Dorsetshire, ; 
overthrown hv storm in , 

IS 



1 ;Kd ' 

21 

- 

- 

St. jo.sei)li Cliai)el Oak at 

10,08 

.\t the base 


X'illedieti in France’''' 

12,20 

I m. 


jUGLANDACEAE 


Juglans regia 1., The 

inaxiinutn age. 

, according to 

W'illkoinin, 


i.s between 300 and 400 years, 'fhe walnut in lleckenried was 
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supposed to be 400 years old, while many others are thought to 
liave attained an age of 900 years. These figures are only esti- 
mates, however, and may be exaggerated because one of the oldest 
of the known giant specimens in Interlaken was onh^ about 160 
\'ears of age. It is Parjnentier’s opinion that the walnut usually 
begins to decline at 120 yearsd^’ 

SALICACEAE 

Salix alba L. Kanngiessev refers to several very old silver 
willows, one of wliich in Weizendorf near Rastenburg was 7 m. 
around and was estimated to be at least 150 years old. 

Salix fragilis L. The same author mentions an old crack willow 
140 years of age.’^^ 

Salix arctica Pall. Among several trunks on the island of Sa- 
1}ina which were iinestigated hy Kraus, tliere was one whose radius 
amounted to 31 171 m, and whose aiinual rings indicated an age of 
150 to 200 years. 

Salix myrsinites L, One trunk, 6.5 cm. in diameter, shosved 99 
annual rings (Kanngicsser, according to Kihlniann). 

Populus alba L, .Silver poplars, 300 to 400 years old, are not 
exactly rare. One of the largest in Leipheim in Schwahia was 12 
m. in circumference about 30 cm, above the ground; one meter" 
above ground it was 11 117. around and the age of the tree was 
about 600 )’ears,^^^ 

Populus nigra L. This species, too, can hccoiiic scv'ci'ai cen- 
turies old. In the Potanical Garden of Breslau, v,qX far iro7u 
Kaiser Friedricli place, stands a tree, 8 m, in circumfcj-cncc at a 
height of 1^ wliose age is estiniated at 300 years. 

A gigantic hoHow specimen of Populus vujra stands in the Botan- 
ical Garden of Dijon in France, It is 40 m. tall, 14 m. in circum- 
ference near the ground and its age is estimated, hy comparis''m 
with neigliboring tree.s, to be at least 5(K.) years.'^'^' 

Populus tremula L. The largest recorded trembling aspen 
stands in Aastrup near Haderslcben. It is 21 m. tall and 3.73 m. 
around, 1.3 m. above the ground, and ])resumably is 140 to 150 
years old, 

URTICACEAE 

Ficus religiosa L. According to various descriptions hy travel- 
ers as well as my own observations in the tropics, it is certain that the 
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various arhoroscent spa-ivs of van attain ijrvat a^^o. 'I’liv exact 
nieasurcTiRMits I have not Ik'Ou ahlo to find. Relatively accurate 
data, though not hv sciiaititic ])eople, concern that 1 anions hie ns 
rcli(/iosa which stands near Anuradhapura in the northern ])art of 
tlie former Kingdom of Kandy Ceylon ) and under wliose crown 
JCiddha is supjxised to have rested. In his work ujion Ceylon winch 
appeared in London in 18S9, J. 1C d'ennent ventures the opinion 
that the sacred tree, so far as records re\eal. is the ( eldest tree in the 
world since it n'as already jilankxi in 288 IC C. and must, accord- 
inglv, have attained an age of 2147 years. 4 he tree is held sacred 
and kings <ledicate their possessions to it in the thonglu that heiieath 
it JLiddha rested at the time of his a])otheosis. Xo weai)on may 
injure the tree and no leaf of it may he plucked; only those which 
have fallen iiiav he gathered and distril)uted among the taithlul as 
sacred tokens. The tree has keen re\'ered lor 2()()() vears and, since 
this reverence has never ceased hut extraordinary care has heen ac- 
c<trded it, d'ennent regards it as nnlikelv that the <n'iginal tree has 
ever <lie<l and heen re])laccd h\' anotlier,'^'' d his old lig tree is men- 
tioned also in Ritter's Oeography ( I \4 2, pp. 247, 2,sL C81 ), in 
Lassen's Indian .\rchaeolog\' (I. i*. 2C0 ) and in llie v<wage ot the 
Austrian frigate “Xovara ” (]). 288 L d he zoologist Schmarda also 
saw it hut remarked that the tre<‘ was not impi'essne m c'illu'r torm 
or size and that it resembled in his opinion (nir white po])lar."'' 

Heher''"' mentions a giant iig" on tiie i.slaiifl in the ixd'rliudda river 
belonging to the Residency of Lomhay. It was standing when tlie 
I’ortuguese first landed in the Last Indies and iina'sligations ol hmg- 
lishmen have shown that it is not unlikely that .Vearchus, com- 
lianion of Alexander the Creat. saw and marvi'led at this tree, to 
which an age of about 4000 xa-ars can therefore he attributed. 

Ln aiiv e\enl, it is certain from old rejiorts and from tlu- extraordi- 
marx' dimensions which ligs can attain that they are among the 
longest-lixed ]dants known. 

Ulnrius. W henex'er old elms are mentioned in tli(' literature their 
sjiecihc names imlortiinately are not given and we <lo not knoxv 
xvhich s]ieeies are concernexl, .According to a record in the town ol 
Morges in Sxvitzerland, dated May 10, 1824. an elm of unusual size 
was destroyed in the park of that city,'-' It ])osscssed a height ol 
vlO m. and a circtimference of U).f)8 m. lieiieath the first branch ; 
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3.6 ni. ab()\’e ^n'ound it ^^’as still 10.29 ni. in circumference. The 
stump showed 335 annual rings. 

The age of another elm which stands in the public square of 
Sciiimsheim and whose circumference was more than 13 m. one 
meter abo\-e ground, posse.sses an estimated age of 600 ycars.^'"® 

Oxford has the famous elms, Ubnus anupcsfns, of the “Broad- 
walk” at Christ Church College. They extend back to the time of 
Charles I and may have been planted between 1630 and 1640. 
‘'Of the 75 trees which once stood on each side of the walk 60 are 
still alive, none of which is entirely intact,”^"** Therefore, the elms 
of England arc usually not juore. than 300 years of age. 

The largest sj)ecimen of Uliuiis effusa so far de.scribed stands 
in the garden of the Perkaii estate. Its circumference at a hciglit of 
1.3 ni. was 6.43 m. in 1908, at which tijne it was 20 m. tall and 300 
to 400 years old. 

Celtis australis L. Becomes several centuries old. 

PLATANACEAE 

Platanus. Tlie ancient.s were impressed by the gigantic growth 
of the S3’camorc, which they held in high esteem, 

Pliny spoke of a sycamore in Lycene in wliose hollowed trunk 
the consul Metianus was able to spend the night with 18 com- 
panions. 

Pausanius tells about a giant sycamore which stood in Arcadia 
l>y a spring at Ca])!nae and wliich w^as sup]) 0 $cd to be 1300 years 
old. 

Particular fame is attached to the large group of .sycamores in 
die village of Bujukdcrc on the Bosporus near Constantinople, 
This group now consists of seven trecs^^" and De Candolle the 
elder gives the circumference of the largest trunk as 150 feet and 
that of its cavit}^ as 89 feet. No acceptable information is avair 
able concerning the age of this hoary giant. 

BUXACEAE 

Buxus sempervirens L, Rorig^'^^ estimates tlie age of a hedge 
in the garden of the chief forester of Jdachenberg at several hun- 
dred years. The hedge was 1.6 m, tall and equally wide. Accord- 
ing to Kanngiesserd'"'^ how'ever, these plants can not attain more 
than 150 years of age. 
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CACTACEAE 

Carnegiea gigantea Hiitton l'v Rose. I'his giant cactus of the 
sub-tropical zone of the Xorth American ilora forms stems which 
imder favorable conditions attain a height of 18 m. an<l a diameter 
ol 60 cm.’ ’^ Certainly an extraordinary si/.e when one consid('rs 
that in these plants we are dealing, not with a tree in the true sense 
ol the term, hut with a very s\iccuU‘iil and relatively weak stem of 
a cactus. In youth the simple^ st(‘m is erect, cylindrical, manv- 
ribbed and thickly l)cset with formidable thorns. Rater in life it 
usually develops erect and whirled side branches in a chandelier- 
like fashion. Wdien old, the uiij:)cr j^ortion of the stem tlecavs and 
leaves the tough isolated vascular strands as individual ri)ds which 
are united into a single solid cvlinder.^’'^' 

LAURACEAE 

Laurus nobilis L. As max’ readilx- be observed about the Italian 
Lakes, the laurel can attain great size, and near Lake Lugano is a 
tree L.S6 cm. in circumference. Acconling to llem])el and Whl- 
helm."'" the laurel attains a height of 15 m. and a width of 25 cm. 
during 20 years continual groxvth. (.)nly the scantiest of data arc 
ax'ailahle concerning age. however, aiul the laurel of Syra whieh 
i’ausaniiis mentions is rejiresented as being one of tlie oldest trees 
of the known world ol his time.^''^ 

BERBERIDACKAK 

Berberis vulgaris L. Kanngiesser found a 24-vear-old tree."'* 

Clematis vitalba L. Kanngiesser noles a stock 24 years old 
wlinse I'fxit-stock was 41 years of age. 

MAGNOLIACEAE 

Magnolia acuminata L. A siiecimen on the estate of llenk- 
hausen xvas shown to he 100 years old. 

^ CISTACEAE 

Helianthemum canum Ikuimg. Though its shoots usually do 
lot exceed 15 cm. in length, this sjiecies, nevertheless, attains rela- 
lively great age. The oldest and incidentally the largest specimen 
diowed 28 animal rings through the root-croxvn. 

BOMBACACEAE 

Adansonia digitata L. Just as the hig-trees by their age and 
size convey the impression of majesty, even of sulilimity, so do the 



Fig, 12. A giant cactu.s, Carncgiea gigajifca, Tonto National Forest, Arizoiia, 
Photo by U. S. Forest Service. 
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baol)ab (>r monkey-broad trees. Those colossal s of Africa with 
their huge trunks appear like gigantic relics of a past ago. 

At the mouth of the Senegal . Adanson found an umisuallv old 
.specimen, the diameter of wliose trunk amounted to 10 m. lie 
regarded it as the oldest tree on earth and by comparison (tl diam- 
eter growths among various individuals he calculated its age at 
3150 years. According to Schacht's reckuning, however, the an- 
nual diameter increase of the trunk appears under-estimated and 
the age, con.sequently, f)VCr-ostiniated. ifven though Adanson's 
hgiires may lie exaggerat(‘d, tliere can he no douhl that the nioiikey- 
hread tree can attain great age. On several large trunks .\<lans{)n 
observed that the names of h'rencli and Dutch sailors had bi^i-n in- 
.scriluxl in letters 16 cm. tall, together with <lates ot the lonrleentli 
and fifteenth centuries. The hollowed trunks of these giants 
.serve as dwellings and storage ])laces for the negroes and also tor 
tribal ineeting.s. 

TILIACEAE 

Tilia, Lithuania is lamed for its old lindens and m lliat country 
stands the largest s|)ecimen yet measured. Its circumference was 
25.7 m. and the annual rings betrayed an age of Si 5 years. 

One of the oldest, a specimen itf platyf’hylhKW staials in 

Xeuenstadt on the Koclicr""* in Wurltemherg. According to a 
record preserved in the city archives of Stuttgart, this lindiai must 
have been a large tree already in 1448. In 1881 the cirenmterenee 
of tiiis tree, which now stands as an old ruin, was about m. 
and its age was reckoned at 700 years. 

Kanngiesser’'''’ gives iletailed accounts conci'rning the lindtai of 
Staffelstein, famed ffjr its age and size, which at its has(‘ was 
16.5 111 . around and 4.5 m. through. Held together hy iron IkuuIs, 
it, too, now resembles a ruin. The age of this linden, suiiposed to 
Tilia platypJiyllos, is estimated at 800 to 10()0 year>. 

ACERACEAE 

Acer campestre L. One of the oldest specimens ot this species 
is located in the .southern part of the castle ])ark at ( )l)crglogau. 
Its circumference is 3.4 m,, 1.25 m. above the ground, and it is 
c.stimalcd to he between 150 and 200 years of age. This s])ecics 
rarelv becomes more than a century old. 

Acer platanoides L. A veteran of tliis species stands in the 
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chief forester's district of Lautentlial in Hanover. Tt is 25 m. 
tall and 5.1 in. in circumference, one meter above ground, and is sup- 
posed to be 400 to 500 years old. Trees of this species more than 
150 years of age arc rare. 

Acer pseudoplatanus L. One of the largest trees of this species 
stands near Kern in the i\relch valley of Switzerland, Its circum- 
ference is 12.2 in.’'**’ 

Acer montanum Ait. becomes upward of 200 years of age. 

AQUIFOLIACEAE 

Ilex Aquifolium L. The common holK can become several 
centuries old. One of the largest, perhaps tlie oldest, stands on the 
estate of Gourdiehill in Perthshire. Its circumference is 2.21 in. 
at the ground and 1;^ m. higher it is still 1.98 m. around and main- 
tains this size up to a height of 9 m. where the first liraiicli is located. 

RHAMNACEAE 

Rhamnus cathartica I.. Willkomm claims that the buck- 
thorn can become more than 100 years old. 

Rhamnus Frangula L. The oldest glossy Inickthoru in 
iMarlmrg showed 30 annual rings. 

VITACEAE 

Vitis vinifera L. In a conservatory of Kinnell near Auch- 
morc a stock has been raised for about 50 vears whose length is 
appro.Kimately 50 m. I knew of a wild stock in \ ienna very close 
to the Heustadlwasser near the main road which ])ossesscd a cir- 
cumference of 55 cm., one half meter above ground, and an esti- 
mated age of 80 to 100 years. In America, particularly in the for- 
ests along the iMi.ssissippi and Missouri rivers, the vine attains 
extraonliiiary size, producing, it is said, stems one foot in diameter 
and 100 feet tall. 

ROSACEAE 

RLbes rubrum L. Stems 4 to 11 years old are known. 

Rosa. Though the upper shoots of tlie rose do not liecomt 
old the entire ])lant can, nevertheless, attain considerable age, for 
it continually grows by underground stem and root shoots. Kann- 
gicsser^'*'"’ ^ found aerial shoots 9, 14, 19 and 44 years old. 

In connection with his observations concerning the Jenen’s chalk 
roses, Kanngiesser makes some remarks respecting the famous so- 
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called tlumsmid-year (tld ruse in the cathedral cemetery ttf Hilde- 
sheimd'"''"' ® which stands in a very protected location and enjoys 
the best of care as a local attraction. Accord in to Kann,Ltiesser, this 
tlumsand-x'ear old rose, a specimen of k'osa caniiui forma Inlcfiami 
Lem., might he at least 400 years ot age. This great age does not 
a])ply, however, to the visible stem, which jiroliahly can scarcely 
exceed 50 years, but rather to the nna system, 'I'lie badly weath- 
ered root-.stock liad a circumference of 92 cm. in 1885 when it was 
inspected. 

Rosa dumetorum Thuill. Tlie (»ldest sliool 4)f this species 
was 14 years of age. 

Rosa rubiginosa L. Kanngiesser"'’* found a 15-vear old shoot. 

Rosa rubrifolia \ ill. There w a.s a 13-vcar old specimen in 
I lildeslieini. 

Rosa repens Scop, and R. capreolata Xeill. These sjiecies 
often attain a height of over 200 feet on the old walls of chnrehes 
and castles in Ifngland and Scotland. Tins is a significant size and 
a correspondingly significant age.’*" 

Sorbus Aria Grant;'. May liecome 50 to 200 years old. 

Sorbus domestica L. A trunk 43 cm. thick which was ex- 
hibited at the Xureinlierg exposition showed 140 annua! rings. 
Stiitzer makes mention of a trunk more than one meter thick which 
stands iu Vrindsherg aiul wliich is estimated to he at least 200 years 
old. 

Sorbus torminalis Grant/, i’ecomes more than 230 years 
old. 

Sorbus Aucuparia I.. Seldom o\er 80 years old, 

Pirus communis L. V\^ to ^300 years old. 

Pirus Malus L. .An apple tree in Marhach is among the larg- 
est yet <Iescrihe<l. At breast height it is 3.63 m. in circumference : 
yea height is IS m. and its age calculated to he 200 years. 

Crataegus oxyacantha L. Kanngiesser''^ gives a detailed 
re])ort of the iTlest English hawthorn which .stands in the garden 
of the Resource Gomjiany of Soest in W cstjihalia. In the tliird 
decade of the 16tli century it was already regarded as an old tree 
and now is certainly over 400 years of age. 

Cotoneaster integerrima Med. .A crip|)led hn>h only la 
cm. tall was 13 years old. 

Primus avium 1.. Seldom lieconies more tlian 100 years 
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old. KanngiessLM- mentions a cherry tree whose age was siij^posed 
to be between 300 and 400 years.' 

Prunus Padus L. Sixty-year old specimens are known. 

Prunus spinosa L. Becomes 47 years old. A very much- 
branched bush had an age of 28 years and two others were, respec- 
tively, 23 and 28 years (dd. The oldest investigated were 40 and 

47ir'> 

Dryas octopetala L. Kraus'"'^ canmted 25 annual rings in 
one specimen 4 mm. thick, and in another at the Russia-Lapland 
limit of \eg'etation Kililinann'”'^ found 108 rings. 

PAPILIONACEAE 

Robinia pseudoacacia L. Can become more than 200 vears 
old. 

Cytisus Laburnum L. S])ccimens 30 \ ears old are known. 

Cytisus Adami I .. In the Jardin des I Mantes m Baris there 
is a s])ecimen which in March, 1906. had a basal circumference oi 
40 cm. and was more than 60 years old.''" 

Spartium scoparium T.. Cian l:)ccome 14 vears old. 

Wistaria sinensis Sweet. ^Vas introduce<l into ltnroj)e in 
1816. 'riiere are specimens 50 and 60 years old. 

THYMELAEACEAE 

Daphne Mezereum L. The Count of Lein ingen' ccdlected 
a stem 2-2 cm. thick which slunved 38 rings. 

Daphne Laureola L. Kanngiesser'' ' reports a 26 year old 
root-stock u])on w'hich was an ll-\'ear old stem. 

ELAEAGNACEAE 

Hippophae rhamnoides L. (hi the beach at liowachs a 
specimen 60 cm. in circumference was found whereupon we may 
conclude tliat the sea-hucktliorn can attain considerable age. 

Elaeagnus angustifolia L. A specimen in Hildesheim had'^,, 
the unu-sual height of 12 m., a diameter of 35 cm. and an eige of 33 
years. 

MYRTACEAE 

Myrtus communis L. In Kaddington there stood a specimen 
of the Spanish broad-leaved variety which in 1724 was 6 m. tall and 
1 56 years old.^^^ 

Eucalyptus. The genus Ilucalyf^fus with its numerous 
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Species is among the characteristic representatives of the Austriilian 
flora. The most important is E. auiygdaliita. Acconliiii^ to 
measurements, this species attains the unl)elievahle hei^flu of 133 m. 
and a l)asal circumference of 30 ni.*‘‘'"’'' Its dimensions tlius sur- 
pass those of the redwoods and it is, acctirdinLjly. the tallest tree on 
earth. 'The trunk remains unbranched for a considerahle distance, 
its relatively s])arse braiichin^^ he[,dnniiig only at a heii;ht ol 70 to 
90 m. where the circumference is still 12 m. 

l^y actual measurement, accordint* to K. von Muller, one speci- 
men of /f. aiuygdiihua was v394 feet tall, when its dimensions in 
Enj^lish feet is expressed in tiie Tansian unit, d'he tallest tree nl 
this species from the sources of tlie ^ arra and the Latioln’ was isli- 
niated at 470 feet. The tallest tree in W est .Australia, the Kaori, 
E. colossca, is said to have measured 37a leet. A specimen ol /:. 
auwgdaliua 143.3 m. tall was found at the foot (»f Mount Ikui Ikiu. 

iMicaly'])tus trees j^row very rapidly, as may he observed iKun the 
frequently planted R. gloJuiIus in h:uroi)e. for exami>le, ahmi^ the 
Kiviera. ' At the \ ilia Thuret near Antihes certain of these trees 
attained a height of 10 m, within 4 years.'^" In 20 years these trees 
usualh' hecctme more than 20 m. tall. 

Ibifortunately, I have been unahle to hud any information con- 
cerning the maximum age of /i. aiuygdaliiut. not even in Joly s"' 
accouiU. If we hear in mind, however, that tla* eucalv|)tus is a verv 
raiddly growing tree its age can hardly exceed that of the set|uoias. 
and if so not hy much. 

CORNACEAK 

Cornus sanguinea T. becomes cO years old and. ,ucoi(h 
ing to some, even 80. 

Cornus Mas L. One tree is described whose root-sUick was 
2A 111 . in circumference and whose age was (‘stimated at 3fK) yc-ars.’^- 

araliaceae 

Hedera Helix L. There are numerous exam])les of very oM 
English ivy. Only two will he mentioned liere which 1 tahe trom 

Kanngiesscr's account. - . i - • 

There is a verv old ivv at tlic iiKnintain castle ol Sevhenstein in 
l.m-er Austria, the iu..ther plant ol which is supposed to he al...m 
200 vears of apus In Gipnac near .Montpellier there was an ivy 
1 8 lit. in circumference with an estimated age of aboni 440 years. 
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ERICACEAE 

Rhododendron. Exotic species in En^dand have alrejuh' 
attained aj^es between 40 and 45 years. 

Rhododendron ferrugineum L. Tlie oldest specdinen with 
ten stout steins was 40 years of aged*"^ 

Rhododendron hirsutum L. (One indixidual 1.7 cm. in 
diameter from the Aclicnsce was 54 years old. 

Phyllodoce coerulea Eab. .specimen from the Kola penin- 
sula was rotten in the center hut still showed 35 annual rings. 

Loiseleuria procumbens Desv. A specimen from the same 
I )eii insula was 64 years old. 

Arctostaphylos alpina Spreng. More than 84 }-ears old. 

Arctostaphylos Uva ursi Spreng. A specimen from Russian 
Lapland was 80 years old. A very well developed specimen col- 
lected by Count Leiningcn was 1,4 cm. in diameter. 

Calluna vulgaris Salisb. The greatest observed age is 42 
years. 

Erica Tetralix L. ddie oldest specimen from the Dutch 
heather country was 10 years of age. 

Erica carnea T.. Count l.einiiigen collected a specimen 
only mm. thick but 21 years old. 

Vaccinium uliginosum E. Kraus^^^ examined stems from 
Kaiser- Vranz-Jose]>hs-Land winch were 85 to 93 years old. On 
the Ravarian moor Count Leiningcn found a specimen li cm. thick 
and 25 years old. 

Vaccinium Myrtillus Tn the mountains this plant be- 
comes larger and its longevity greater than in the valley. The 
greatest age observed was 25 years^^-^ and in another case 28 years. 

GENTIANACEAE 

Gentiana. Osier wakler^-'' says that the age of the root- 
stuck of Ociituuia lutca can nut be exactly determined because in the 
case of old specimens it is never certain whether the entire rhizome 
is still present. In young root-stocks, however, 15 to 25 annual 
rings can be counted and in the case of two plants wliose entire 
rhizomes were still intact, ages of 28 ainl 40 years were detinitely 
found. This author remarks also that many other specimens per- 
mit the conclusion that ages of 50 to 60 years may be attained. In 
discussing excess growtli beyond a vegetative maximum and con- 
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se([uent death of the plant, he continues with the f(41owin^r remarks. 
“\\hth the fifth to eigluh animal llowering jieriod, l)ase<l ti]inn suc- 
cessive flowering jieriods of the same jiart of the rhi/.ome, even the 
apparently uninjured plant exceeds its vegetative maximum. Like 
younger injured ones, tliese old root-stoeks are often able to pro- 
duce flowering shoots for a long time hut the latter gradually decline 
in size, vigor and hlossoniing, until linallv thev ]n*o(luce only one 
or two flowering whorls. Diameter growth of the root and root- 
stock diminishes and soon is no longer analianicallv diseernihle ; 
the leaf)- growing point stands upon a liase wliich becomes smaller 
and smaller from year to I'car, W’ith almost uniform growth in 
length the youngest jiarts ol the rhizome lieeome thinner until tlie 
growing points die. This decadence may he prolonged for 20 vears 
or more, during which time the lower ])onions of the rhizome 
togetlier wtili their roots may fleeay and completely disajii^earT 

PRIMULACEAE 

Cyclamen. In .Moeller's ’d )eulsehe ( iilrlnerzeiluiig" I lind 
the stateiiieiit that the hull) of Cyclunu'ii curopacuin can become 60 
years old. 

OLEACEAE 

Olea europaea L. Whoever has observed olive trees in 
southern Europe soon arrives at the conclusion that lliese trees can 
become very old. Religious legends ancl historical tales hes])eak 
this also. In the shade of the eig^lit s])ecimens on the .Mount f>f 
Olives in Jerusalem tlie Xazarene is said to have roamed, .\ccord- 
ing to I’ausanius, the olives on the Acropolis and at 1 )elos are num- 
bered among the oldest trees <jf (Ireece. 

Picconis says tlie largest olive tree stands near Lescia. Its cir- 
cumference is 21 feet and I)e Candolle tlie elder calculate<l its age 

at 400 years.'’''’ 

Ligustrum vulgare L. A stem 4-1 cm. tliick on the \\ ilrz- 
burger Wellenkalk was 2^ years old.’'" 

Fraxinus excelsior L. Attains considc'rahh* size. \ cry old 
trees arc estimated to he 200 to 2.'^0 years of age, 

CAPRIFOLIACEAE 

Lonicera coerulea E. Small steins from the Kola jjeiiinsula 
were 7 to 14 mm. thick and 9 to 16 \ cars okl, 

Lonicera Periclymenum J>. Can attain an age of .38 years. 
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Viburnum Lantana L. A small stem 21 years old has been 
rei)orted. 

Viburnum Opulus T.. A shoot m. tall arising* from a 
root-stock was 11 years old. 

Sambucus nigra L. A very large eider near Tolz has a cir- 
cunilereiice t>f 2.3 in. at a height of one meter and inav be about 
100 \'ears old, according to Kanngiesser. 

Sambucus racemosa L. Can become 20 years old. 

Bignonia Catalpa L. In the park of W’achenheim a large 
specimen was 55 to 60 years old, according to Kanngiesser. 

LABIATAE 

Teucrium montanum f.. Kanngnesser saw specimens 30, 31 
and 33 years old. d'he above-ground parts are short-lived, the sub- 
terranean relatively long-lived. 

Thymus chamaedrys Fries. In this plant, too. the above- 
ground portions are ot very short duration. A stem with 14 annual 
rings has been observed. 

GLOBULARIACEAE 

Globularia cordifolia L. Though this little slirul) remains 
small and adheres closeh* to the ground, it can attain an age of 
1 let ween 10 and 35 years. 

SUMMARY 

The following table luis lieen compiled in order to jircsent a brief 
summary of the maxi muni ages observed atnong tiie phanero- 
gams already di.sciis.sed. The succession in the table is such that, 
independent t)f their relationshi]), tliose arc first listed which are 
distinguished In- the greatest longevities, followed bv those of 
shorter life and finally by tb(' short-li\'ed. ft must again be noted 
that the ages arc only a]i]>roximate because the longevity of any 
s])ecies varies within certain limits and the figures given are often 
based only on estimates. 

Many annuals, biennials and other plants of e])hemeral life might 
be include<l among the last mentioned and short-lived forms, but 
they are generally well known and therefore need not l)e noted. 

It is common knowledge that tliere are jilants \Nliicli bear fruit 
only once during their lives, and others which do so several times 
or frequently. The former, upon De Candolle's suggestion, are 
known as monocarpic and the hitter as polvcarpic. Those which 
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1 ■ ■ ~ ^ — 


\ ame 

Maximtin: 

age 

C-ircmij- 

ferciice ' Diameter 

i Height 


ill meters 

ill meters 

.IdntLfonia di<jifafa , , . 

5150 


10 

btcquoia (Big-tree) . . . 

40()0-50(){) 

10 m. 

U> 

luctts rrlufiosa . . 

20()0-3000( ?) 


i liprvssus svinpcn'trcus 

2000-3000 

3 m. 

50 

7 axKs bai'cafa 

9(K)-3000 

Jmiipcrtis c'(ynni!utiis . 

2000 

2.75 


'J'axodiuni disliclutin . . i 

2(K)0 



Cfdnis Lihaui i 

1200 1300 



riataniis sp 

1300 ( ?) 



Pirra rxcelsa ' 

200-1 2(K) 


1 

Pintis cctiibni i 

1200 

7.05 i 


777 w sp 

800-1000 

l0.5 4.50 111. 


Oucn tts sp. 

500-1000 



^ujyus siliatica 

000 - 930 



.fbicsalhd 

300- 800 



Dinmnaru atisIniUs . . . 

7(K)- 800 



Castaiifa ‘:‘uI(foris . , , , 

500 700 

9 


Jilin platvphvllos .... 

700 

14.5 


Olea I'liroptii'd i 

700 

().4 


I^iims fii<fra 

000 



Popniits alhd 

300- 000 

12 


(llilitS sp ' 

300- 000 

l(eli8 

3(> 

ill ns silvcsiris , , , ' 

500 


.irn- plahvioidi’s ■ 

400 500 

5.10 

25 

Pill us sirobus 

400- 450 

Piiius rnnarituisis . . . . 

440 



J Uiilans rct)i<t 

300- 400 



( liiius cffiisa 

kosa caiiiita { Root- 

300- 400 

0.4,1 

20 

stock } 

4(K) 



( rafiu'yus oxyacaiilfiu . ' 

400 



Pnuius ai'iiiin 

100- 400 



. Hints ifliifiiiosa 

100- 300 



Popuhis uiqra 

300 

S 


Pints cditnuunis 

300 



Co nuts luds ( Root- 




stock) 

300 

> T 


Carpiiius bt'tulns 

250 



I'raxinus excelsior . . . 

250 



S or bus foniiiiialis ... 

230 



Llracoeiio Droco 

185- 200 

17.45 4,82 m. 

22 

caiiipestre 

150- 200 

3.4 


Acer iiionliinuiii 

20(1 



S or bus or id 1 

50- 200 



S orbits dowestica 

140- 200 

43 cm. 


Pints umliis 

200 

3,03 

18 

Rohinia pscndoacacui . 

200 



Iledeni helix . 

200 



Myriiis couuiuinis ... 

15o 


6 

CoryhiS in'cUana 

150 

2,20 

10 

SaUx alba 

150 

7 


Populus trciunla 

150 

3.73 

21 
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Revikw of the Maximi’m 1‘ERions OK LoNfiKvnv OF Various Phaneroc.ams 
{Continued) 


Name 

^[axinlum 

Circum- I 

ference Diameter 1 

Heiglit 


age 

in meters 

in meters 

Biixus Si'mpcrz’ircns . . 

150 

; i 


Solix jmgilis 

140 

: 1 


Salix arctica 

130 

6.2 mm. 


Bctnla odorata 

124 



Befula irmteosa 

120 



Dryas octopefaJa 

25- 108 

1 


IFckciiscliia }nirabihs . 

70- 100 1 


Car pin us duinensis 

100 



Ostrya vulgaris 

100 



Corylus roliirna 

i 100 j 1 


Magnolia acuininota . 

1 100 I 


Rhanums cothartica . . 

100 


t 'it is l inifcra 

80- 100 


Catnhucus nigra 

100 

2.30 


l ocked capensis 

100 


Sahx myrsinifes . . . . 

00 

65 mm. 


I 'acciniuin tiliginosmn . 

03 


. Irctosfaphylos alpina . 

84 


Ciorbus duniparid ... 

80 


C (O'difA scnu/Hinca .... 

50- 80 

1 

. Irctostaphvlos 1 'va ursi 

80 


Bctula }iana 

80 

12 mm. 


LoiSf’h'iiria proioindh'iis 

04 


Cyclonicn curopacuni 



(Tuber) 

uO 


Cy lisas Ada)ni 

()0 


... 

OO 


Hignonia cotoipa 

(4) 


Rhododend ro n liirsu hon 

54 


Pntuus spinosa 

47 


Cal lima i'ltigaris 

42 


CU’tnalis vilalba (Root- 



stock ) 

41 


Rhododendron ferrugi- 



fwain 

40 


Daphne mecereum . . . 

38 


l.oniccra perieVunenum 

38 


(jlohnlaria cordijuUa , 

38 


Phyllodflce cocriilca 

35 


7Vifcr(H;;( niontanntn 

33 


Rlaeagniis angustifoJia 

33 


Rhontnits frangula . . . 

30 

' 

Cyfisus laburnum .... 

30 

1 

Cacciniani viyrtillus .. 

28 


Helianfhemuni canum . 

28 


Daphne laureola 

26 


Berberis vulgaris .... 

24 

i 

Hclianthenium chaniae- 


i i 

cisfus 

24 


Ligustrnm vulgare . . , 

1 23 

4.5 cm. 

1 

Erica carnca ........ 

21 

5.5 mm. 


Vihnrnmn lantana ... 

! 21 

' 

Sambucus riicemosa . 

! 20 

1 ' ' 



M ULTi rHlJ ,ULAR ORGA X ISMS 


Rkvikw of thk ^rAxi\trM Pfrkjus ok Loxf.kvm v of 
(Continued) 


PHANKROOAMS 


Xame : 

I HRt 


Hclianfhcniu}}} polifo- j 

liu)!} 17 

Pohufonatitin inultiffo- I 
rufii (Root-stock) . . | 15 

y'hynnis chaviaodrys . . \ 14 

Spcirtiuni junccum 14 

Rosa duinctoruin .... 14 

Rosa ruhrijolki 15 

Cotonoasfn' hiRfjrr- ' 

rinia 15 

Jirii-a Tclraiiv 10 


Circiim- 
U-rcncc 
iti tnelers 


1 liainclcr 


Height 
ill meiers 


fruit only once mav he one-, two-, several- or iiianv-vear plants, 
accorcHiytif as sporogcnesis or Iructification reipiires one. two or more 
years. After ripening of the fruit thev die. 

The expressions, annual ati<l biennial, unfortunately do not carry 
a clear meaning and a|>pcar to be inajipropriately chosen, mathe- 
matically considered as well as otherwise. 

Those monocarpic s]>ecies iidiich during a single year |>rodiice 
fruit several times and then die after each such iirodnetion, are 
usually’''^ designated as being ephemeral; tho.^e which fruit only 
<uice annually and then die, as annual; and iinally, thf)se which live 
during two successive vegetative periods, as biennial. J htise who.se 
lives terminate with fructification only alter several years are desig- 


nated as perennials. 

Except for the last of these categories, these terms are not always 
employed in the senses indicated. Kirchner’^''''* '' apjilies the term 
annual, for instance, to those monocarjiic ])lants which germinate 
in autumn and flower and fruit the following si>ring; wlien tliey 
germinate in the si)riiig and fruit the following spring he calls them 
hieimial. Also the term ephemeral appears to me tio be unfortu- 
nately chosen because, according to its etymology, it easily gives 
the impression that ephemeral plants live f(»r only a few days. I his 
is true, to be sure, of many cryptogams, such as molds, hut not of 
phanerogams, for there arc no llowering jdants whose lives termi- 
nate in only a few da}'s ; truly ephemeral ])lants rcfjuire at least sev- 
eral weeks, e.g., Seuecio vulgaris, StcUarta lucdta. 

Aside from the fact that these terms are not consistently employed 
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in the same sense, it is not always certain in the case of many plants 
whether they are annual, biennial or of longer duration. This is 
especially true of those inliabiting subtropical and tro}>ical regions 
and many are erroneously designated as annuals which tliey cer- 
tainly are not. Kiciuus, for example, germinates, flowers, fruits 
and then is destro\’ed by frost at the end of the vegetative i)eriod 
in our part of the world ; it is often falsely regarded, conse([uently, 
as annual. Actually, however, it is a polycarpic ])laiit of several 
years' duration which becomes even tree-like in warm climates. 
The same is true also of Maitrandia, Lophospcnnuiu, Caiophora 
and certain species of Capsicum}^''"’ 

1 am obliged to my colleague, Richard Wettstein, for the follow- 
ing interesting case of the prolongation of life as a result of climatic 
change. He says that in September, 1901 (at the close of the dry 
season before the beginning of the vegetative season which corre- 
s])on(ls to our spring), he visited a German settler in San Bernardo 
in southern Brazil, who was cultivating in his garden all kinds of 
little F.uropcan plants as a reminder of his Fatherland. Among 
them were LiiiHJn iisitatissiiiiu}}! whose seeds he had secured from 
his old home. These plants were j)artly in fruit, partly in flower, 
almost one meter tall, very twiggy and ])ossessed in particular a 
vtwv woods' st<Mn three t(.) four c{“ntinu“tcu's thick at the ground from 
which numerous Itranches arose. 

Ui)on his asking, he was informed by the owner of the garden 
that the latter bad seeded out these plants during the early months 
of 1900, that they had flowered and fruited continually for one year 
and that he ])reviously had other ])lants which were still older. The 
plants that he saw, one specimen of which he brought along in alco- 
hol, were at that time almost two years old and had grown during 
three successive vegetative periods, one rainy and two dry seasons. 

With us, lie says, the strictly annual L'ninni iisifafissiinitni some- 
times becomes perennial witliont interference of flower and fruit 
f(U‘mation and has undoubtedly evolved from a perennial species. 
However, the plant which he .saw in Brazil liad not resumed the 
ability to form annual rings but bad developed a distorted woody 
structure by continual growth. 

The jireparation given me by Wettstein was a cross-section from 
a stem of elliptic contour whose maximum diameter was 24 mm. 



CiiAPTI’:R JII 

LOXGIA'ITV AND KELATKI) I’HKXOAIKXA 

VARIOUS PERIODS OF LONGEVITY AND THEIR 
PROBABLE CAUSES 

It is apparent, on the basis of general ex[)erience as well as that 
of the ])rcce(ling examples, culled from the entire j)lant kingdom, 
that individual ])crit)(Is of longe\’it\' ma\' he \ei'\' dil'fei'ent inun one 
another though eharaeteristicallv constant within a species. Ihey 
vary from a few hoiir.s to thoiistmds of years and may exceed by 
far that of the longe.st-lived animal, d'hough the ele])hant can be- 
come al)out 200 years old and the whale even several centuries in 
age, ne\'erthele.ss, these animals can not compete with the .se(jiioias 
and dragon trees of thousands ol vears when it conu's to matters ol 
longevity. The greatest jicriods are found, therefore, among ])laiits 
and of them there are some living today which were contemporaries 
of events that occurred 1)efore the birth of Christ. 

The questions now arise: \\ hat is the reason for (»ne ])erio(l being 
so short, another long or even e.xceedingly great Are there one or 
more causes and does this variation have some jaiiyose." 

.Since the shortest-lived plants are to be found among tin' small- 
est and the longest-lived among the largest, it ai)])ears that si/.e is 
not without some signilicancc in matters of longevity. It we con- 
template how much organic matter nuist he inamifacltired and how 
man\’ million cell dixisions mitsl take place be tore so eonqdicated a 
structure as a tree is fully developed, we can readily understand 
tliat a greater s])an of time must he allotted the tree than au alga, a 
yeast eell, a moss, or the common wliithnv-grass. .Sliruhs, tfM), geii- 
erallv live for much shorter periods tlian the largcn* trees. How- 
ever. .size alone can md control longevity, for si/.e aigl longevity <lo 
not alway.s ruit parallel. 1'he annual sunflower, ! I clhiniJms aumnis, 
attains tlie stately height of two meters or iiKjre, and. in addition, 
completes its entire life witliin one period of vegetative growth, 
while Dryus octopctahi, a very small species a<ihcring to the gnjimd. 
can li\'e lor several years, even for decades. Ximierous other hnvly 
shrubs, such as Azalea ^yocuuibcns, IlmtAnim niijruw and Arcio- 
staphxlos Vva ursi, grow to be many years old, while a great num- 
ber of herbaceous annuals, such as mai/e and certain species of 
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ChcnopOiiiuiu and Ajuayauthus, become much larger but live for 
only a few months. Xevcrtheless, size must influence longevity to 
a certain extent in a great many cases. Other factors, however, 
also play a more or less important role. 

Weismann examined the question as to whether or not longevity 
of animals is correlated with the intensity of their metabolism, and 
he arrived at wholly negative conehisions.^''^ The bird, for example, 
though it possesses an unusually high rate, attains considerable age. 

Weismann was not concerned about a possible influence whicli 
the rate of metabolism may liave upon the longevity of plants, but 
if we give thought to the matter it aiqiears as though the rate does 
liave a definite relation, in many cases, witli long-h\’ediiPSS. Inten- 
sity of respiration can indeed he regarded, to a certain degree, as a 
measure of intensity of metabolism, since we know, for example, 
that flowers exhibit an unusually high rate of respiration, leaves 
less .so and stems still less, and that the longevity of these organs 
parallels these rates, /.c., flowers live only a sliort period;, leaves for 
a longer period and stems still longer. Furthermore, if we com- 
])are succulents, characterized liy slow growth and reduced resi>ira- 
tion, with tender herbaceous plants of active respiration, it is like- 
wi.se ai)parent that the succulents, to the extent that their respira- 
tion is low, are generally rather long-lived, while the others are 
short-lived. This is brought out b}' the following talfle^'^- in which 
are indicated the quantities of oxygen in cubic millimeters absorbed 
l)v certain plants per hour and per gram of fresh weight at 12° to 
15° C: 


Ccrcits fiiacro(}oniis 

, . 3.00 

Liipinus albiis 

44 10 

Of'unfia cvluidrii'a 

. . 6,80 


89 60 

Of'uiifia }}iaxiiuu 

. . 15,30 

fabn T'niyaris 

96.60 

Pltylioiayfus graisdifluriis . 

. . 28,70 

Mirabilis jalap pa 

120.00 



Trilu iim saiu'um 

291.00 


It will be observed that the cacti, which live for decades, exhiijit a 
low rate of respiration, while non-succulent forms, which live 
scarcely one year, possess a much more intensive rate. 

Furthermore, organs whereby plants perjjetuate their kind, such 
as tubers, bulbs, root-stocks and seeds, are likewise characterized 
when fully (levelo])ed by a relati^’ely low rate cjf respiration. 

All this indicates that the rates of assimilatory and dissimilatory 
jjroccsscs can have a part in longevity, because hy a rapid rate of 
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metabolism in those i)]ants which produce fruit only once, the foo<ls 
and reserve materials necessary fur fructification and seed ])n){hic- 
tion are produced in sufficient quantity more rapidly, and earlier 
reproduction and death are tluTelw made possible. It must not he 
claimed, however, tiint other factors are not involved. 

According to Weisniann, it is not the ])urpose of Xature tt) assure 
to an animal at maturity the greatest ]>ossible Icmgtli oi life but 
rather tlie shortest longevity consistent with a normal rei)roductive 
])eriod. He adds c.\)jressly that this tendency ])ertains only t<.) 
animals and not to idants.’'''‘ It appears to me, however, that it 
apjdies also to those plants wliich hear fruit onlv once, d'hese ger- 
minate, dcvclo]) and, as soon they are fully grown, tliev store re- 
serve materials and then ])roceed to fniclilication and seed ju’oduc- 
tion. 1 liese developments involve such a great drain n{)on the 
entire plant that it dies and Xature sacrifices the individual unmerci- 
fully as soon as ])er])etuation of the species has been ])rovided for. 

Ibis princi])Ie of the greatest possible abbreviation ol a natural 
life does not apjdy to ])olycarpic ])lants, however, f(»r we know that 
many such forms, ])articularly trees and shrubs, continue to live a 
long whil<‘, sometimes for many centuries, after attaining maturity. 
Serious consideration will sliow that this latter sitnation, loo, must 
be regarded as a ]inri)Osefnl provi.don, for we dare not forget that 
woody ])]ants wliicli jiroduce fruit fre(|iient]y. many times recjuire 
decades for their maturity l)eff)re they become .sexually of age. 
Biisgen has shown, for instance, that the flowering age of heed) 
trees growing in the open is between 40 and 30 years, wliereas in a 
closed stand it i.s between 60 and 80 years. In llu' (»])eii, oaks flower 
after 40 years; otherwise, not until (hey are 80 to 100 years of age. 
Otlier examples of this nature are as folkAvs: 


Coslaiica I'csra 40 to oO years (Stunu* sjimiUs. 0 yt-ars) 

Hazel 10 '* ( Cutting.'’. 3 ycar.>>J 

Hornbean 20 to 30 " (.Slump sprouis, 10 yc-ars) 

Jdder 12 to 20 '* ( I baler cover, 40 years) 

Birch 10 10 12 “ ( " '* 30 ’ ) 

Kim . , . -\ 1)0111 40 

IdiKlen About 25 

Acer aiDif'esIre 2.s 

Acer pseudu-f'latanus ... 30 to 40 

Acer platanoidcs. A few years earlier 
Ash . . 30 to 40 

Spruce 30 to 50 “ (Under cover 00 to 70 years) 
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Fir 60 to 70 

Larch 20 “ ( Flowers at 10 years but seeds 

( 1(1 iKii germinate) 

Scotch pine 15 (Under cover 30 lo 40 years) 


la view of the fact tliat a tree has to assimilate food for decades 
in order to attain a certain size and to acquire a certain amount of 
reserve materials, it would not l)e in the interest of the species if 
Xature were to sacril'ice the tree after it had ]>roduced fruit and 
seed the first time. The very first descendants would then have to 
begin all over again, as it were, and assimilate food for decades 
once more in order, in their turn, to arrive at the first subsequent 
j production of seeds, d'his round -aliont way is to he avoided and 
it appears more practical, therefore, for the mature tree to be used 
as much as possible as a source of seed in order to produce a large 
])rogeny and thus provide for the preservation of the s])ecies in a 
more effective and more economical manner. This objective is 
l)est achieved by a ])rolongation of life, thereby making possible 
frequent production of seed (i)olycarpy) during the course of dec- 
ades, sometimes ol centuries. An almndant ] production of seed 
during a long period of time appears all the more desirable because 
seeds frequently do not have a chance to germinate, either because 
they fall uipon unsuitaldc places (Pr because they are eaten liy animals 
or destroyed in some other manner. Moreover, many ]plants perish 
in the struggle for existence before jprodneing their first seeds and 
it ninst lie regarded as expedient for the tree to live long after first 
maturing seeds and then to continue [producing them. 

If we now examine what is known concerning the longevity of 
plants we arrive at certain general conclusions which may be sum- 
marized in the following three statements, designating as youth the 
[Period from germination to the first [prcpduction of seed, and the 
siilpseqnent period, characterized by production of progeny and 
finally ending in death, as the bearing time: 

1 . Idants with brief youth have short longevity. 

2. Plants with a hpiig youthful period generally enjoy great 
longevity. 

3. A long youthful period is usually followed by a long and 
often very extended bearing time. 

The last two statements can be made only as general principles, for 
it happens, though relatively seldom, that many monocarpic plant.s 
die after a fairly long youthful period, directly subse(]uent to the 
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first production of fruit and seed. Pourcroya^^'* offers a striking 
example of this and among the palms are some, as certain species 
of Corypha, which live for many years and whose entire life is de- 
voted to the storing of reserve material and to the ultimate con- 
ra^rsion of tlieir single growing point into a huge inflorescence and 
mass of fruit. As soon as this happens, the palm dies. Agave 
aiuencaaa, in its native climate in Mexico, has a youth of eight to 
ten years and then develops its huge inflorescence, produces fruit 
and perishes. If we prolong its youth by altering the conditions 
under which it grows, as is easily done and as will he considered at 
greater length in a later chapter, the development of flowers is post- 
poned and ultimate death as well. This indicates very markedly 
how dependent the longevity of mo nocar pic plants is upon the 
length of the youthful period. 

In the foregoing, attention has been directed toward some of the 
factors winch influence longevity, but there undoubtedly are others. 
Just as the general development of a plant is controllcu by tlie soil, 
climate and general surroundings, so is its longevity similarly sub- 
ject to change. By adajjtation to new conditions an annual may be 
conc erted into a biennial or into a plant of several years’ duration, 
and Zfice versa. In view of this, we can understand why, for 
example, the number of annual plants changes at a certain elevation. 
Investigations of Bonnier and FlahaulB’"' upon the flora of the 
Daupliiiic reveal the followii^g pcrccutages of annuals in t\\c indi- 
cated regions; 


Below the conifers at 200 to 600 m. elevation 60% 

Tn the region of conifers and meadows, 600 to 1800 m 33% 

In the upper alpine regions above 1800 m 6% 


It is apparent from these figures that with increasing altitude the 
iiumlier of annual species declines significantly, evidently because 
with increasing altitude the period of vegetative growth becomes so 
short, the climate so rigorous and the living conditions so unfavor- 
able for annuals, that many of them do not find sufficient favorable 
time within one year to complete their life cycle from germination 
to fruit production. 

In agreement with these relationships the same authors find that 
annuals diminish in number the farther they extend toward north- 
ern latitudes. In Paris at 49° N., 45% of the plants arc annuals; 
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only 30% at Oslo at 59.55“ X. ; and at Idstad, 61.40“ X.. only 26% 
are annuals. 

Arctiaria serpyllifolia and Poa aunua are annuals in the lowland 
and of longer life in the juountains; and annuals of the lowlands 
may be represented in the high mountains by s])ecics having longer 
life, vis.: in the Alps, Draba vcnia is represented 1)\' I), laevigata. 
and Piola tricolor by V. lute a. 

According to Kanngiesser, the longevity of woody \dants in- 
creases at their limits of distribution because of relatively unfavor- 


able influences of climate and soil. 

The following table is taken troni Hildebrand's^''' work and is 
based upon the flora of Freiburg i. Br., excepting the lower Alps. 
The ftgures indicate the numbers and percentages of species in the 
four classes and show to what degree certain sites influence these 
plants of different periods of longevity. Moisture relations are 
particularly significant. 


Percf.; 


'F.S OV ANNVLU.S, ?>U-:NNLM.S .\NU Pf.UI'.XNIALS on I tlVlFRRXT Svvv'.s 

I l^eicnuials 


1 

Annuals 

Bid 

Stony and sandy dry | 
places 

44 

22 ^ 

Dry meadows 

1 7 5.7% 

5 

Wet meadow's with 

1 


ditches or swamps . 

1 34 11,7% 

6 

Woods and thickets , 

1 5 2.5% 

3 

Water 

I 1 2,0% 


Banks, roads and bor- 

j 


ders of fields 

! 23 

12 

Fiedds and similar 



cultivated areas . . . 

121 88.8% 



Herbs 


37 97.47r 

15 11.2% 


IVccs/.Shrnbs 

6 3% 


27 9.2% 
61 31% 


The figures indicate that in water, with its more ctm'stant conditions, 
perennial polycarpic plants jtredominate, while annuals remain al- 
most wholly in the background with only 2.6/0. A similar situa- 
tion obtains with respect to the vegetation oi ^voods and thickets. 
\Vc note, furthermore, though it is not especially significant, that 
annuals already a])pear in dry meadows, to a larger extent in wet 
meadows, and csi)ecially along highways, banks and fiehls where 
they predominate. 
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Wc. can certainly conclude from these facts that location defi- 
nitely bears some relation to longevity. Though a particular site 
embraces a complexity of chemical and physical factors, it must be 
emphasized that, in addition to these factors of location, others, too, 
of an internal and as yet not understood nature, can influence 
longevity. 

LONGEVITY AND SYSTEMATIC RELATIONSHIP ' 

We have not made any reference, so far, to the question as to 
whether longevity may in some way be associated with phylogenetic 
position, whether related species, genera or even families and higher 
groups reveal their relations by identical or at least similar periods 
of longevity. Hildebraiuh'*'^ was concerned with this question in 
his notalile work and much that follows in the present discussion is 
founded upon that contribution. 

INDIVIDUALS OF THE SPECIES 

Individuals of one and the same species possess apj.voximately 
equal periods of longevity, though, it must be admitted, of no ''Oii- 
stant magnitude but rather fluctuating about a definite average, 
sometimes more, sometimes less. Those which are not inclined to 
vary in longe\ity withstand new conditions with greater difficulty 
than do those possessing the tendency. 

Among annuals which are to a certain degree fixed in the matter 
of longevity are Erigeron vaimdcnsE, Polygonum aviculare and Pa- 
paver Rhoeas. Among those which are rather variable under the 
inllucncc of cultivation and other conditions, might be mentioned: 
Brassica Xapus, B. Rapa, Spinacia oleracea, Secale ccreale and culti- 
vated species of wheat and barley. There are also species to be 
regarded as biennials in one country but as annuals in a warmer 
land, c.g., Mclilotus officinalis, Trijolinm iucarnatiim, Oenothera 
biennis, Isatis finctona, and others. 

SPECIES OF A GENUS 

To a much greater extent than among individuals, we can observe 
that amid species there are some with rather stable and others with 
variable periods of longevity. Many genera are known : 

1. whose species are annuals almost without exception : Nigella, 
Specidaria, Ilclianthns, Melainpyninij Galcopsis, Amaran- 
th us, etc. 

2. whose species exhiliit jicrcnnial growth by means of subter- 
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ranean organs for the most part: Thalicirum, Anemone. 
Caltha, Symphytum, Fubuouaria, etc. 

3. ^^hose species are mostly shrubby: fyeehen.^, Kosn, Khtun nns. 

4. whose species are only trees: Tilia, Fyaxinus, Jiujlans. 
Ubuus, Queveus, Fagus, Finns. 

In contrast to these genera there are those whose members are 
more or less different with respect to longevity. Within a genus 
^there may be both annuals and biennials [Tordylium], annuals and 
perennials (Adojiis, FiscufeUa, Stclhiria, Ceraninm, Laminin, 
^-ispci'ida^ , annuals in addition to shrubs [S id ent L'I , Chenopodinm , 
Salsola), biennials and perennial herbs {IJcraeleuin, Cirsinin. 
Aeonitum ) , or perennial herbs and woody plants {Clematis, Sam- 
bitcus, Aristoloehia , Rnhns). Further details may be found in 
Hildebrand's account.^-''’ 


GENERA OF A FAMILY AND THE HIGHER GROUPS 

If differences in longevity are shown by species and genera it is 
not surpri^ig that this is true to an even greater degree among 
fa mijhj t^nd higher groups. As Hildebrand has shown, there is 
a clo,se relation lietween the longevity of a species and that of 
its genus, that if members of a species vary, then the specie's of its 
genus do so likewise, and, conversely, in a genus whose species do 
not vary in longevity, individuals of the species are constant. The 
same relation is shown by genera of a family. 

Though within a family periods of longevity may lie very dif- 
ferent, there are families, liowe\er, 

1. whose genera arc comiiosed exclusively of herbacetius peren- 
nials: Nymphaeaeeae, Orchidaceac, Hydrocbarilaceae, Col- 
chicaceae. 

2, whose members are exclusively woody, i.e., trees or shrubs: 
Magnoliaceae, Anonaceae, Aceraceae, Celastraceac. Rham- 
naceac, Amygdalaceae, I’omaceae, Oleaceac, Cupiili ferae, 
Salicaceae, Coniferae. 

Ill contrast with these, the great majority of families consist of 
members characterized by very diverse j^criods of longevity ami 
vegetati\'e habits: Leguminosae, Compositae, Labfatac, Urticaccae. 
It is not surprising, therefore, to find an even greater diff'creiice 
between the orders and still larger divisions of the plant kingdom. 
Among them, too, there is a degree of similarity, for plants lowest 
in the scale of evolution and phylogenetically among the oldest, the 
thallophytes, are featured, for the most jiart, by delicate structure 
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and short life, while amoii]^ higher cryptogams there is a develop- 
ment of woody stems or perennial rhizomes and of long life. In 
the case of gymnosperms, woody stems and great longevity attain 
the ultimate dominance. And among monocotyledons long life pre- 
vails in the palms and shrubby forms, while short-lived annuals are 
rclatiA'ely rare. 

So we see that the relationships of plants can be reflected 
their periods of longevity, though not necessarily, and this should 
not be surprising in view of the physiological feature that internal 
factors arc often tied up with the type of development and as the 
former change so do the related forms. 

UNLIKE PERIODS OF LONGEVITY 
OF THE TWO SEXES 

Does the male plant live as long as the female? We have long 
been inclined to assume that among annuals the male perishes first 
because as soon as it has developed pollen and effcctecV.fcrtilization 
of the female flower, its purpose is fulfilled and furtherAc^grtative 
growth is unnecessary. The female plant, on the other hand, mus. 
provide Cor further development of the fruit, and to this end it 
needs its organs of assimilation, the leaves. For this reason it must 
prolong its life until the fruit is fully matured. 

In the case of many animals^^’” this is the course of events. The 
males of the Strepsiptera, remarkable little parasites of bees, live 
only two to three hours in a mature state wliilc the wingless and 
worm-like female dies only after eight days. The life of the female 
in this case is 64 times that of the niale. Also in the vine louse, 
Phylloxera vastatrix, the males live for a much shorter period than 
do the females and we find similar relations among the rotifers and 
in many copepods, Cirripedia, Ixcs and ants. Other examples in 
the animal kingdom are given by Korschelt.^^^ 

It is surprising that this relationship, so far as it pertains to 
plants, has not heretofore been investigated. I have been unable 
to find any pertinent information iipoti the subject but have care- 
fully studied the matter myself in the case of hemp, Cauuabis sa- 
fhm. About 100 hemp seeds were sown in a garden on June 2, 
1918, and cared for. The seedlings grew w^ell and flowered in July 
and August, Toward the middle of August, how'ever, the male 
plants began to turn yellow, while the female were still dark green. 
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The. former died between die first and fifteenth of September, dry- 
ing out from the bottom upward, and heeaine strawy, while the 
female plants were almost all still green. Only at tlu-’end of Sep- 
tember or beginning of October did they, too, elecline under ri]XMi- 
ing of tlic seed. On this basis I can say that the pistillate plants 
of hemp live two to four weeks longer than the staniinale. 

It is very obvious also from field culture that the staminate 
plants of hemp die sooner than the pistillate. After the staminate 
flowers have cast their pollen, the leaves cind stems become vellow 
and strawy, the pistillate jdants remaining deepv green and alive for 
some time. On August 20 I once observed in the fields of Vhllach 
in Karnten that the male plants bad already died to a large extent 
w^hile the pistillate were still luxuriant. We can likewise observe 
ui bisexual flowers of many plants that the male organ, i.c., the 
androecium, dies before the stigma and style belonging to the 
gynoecium. Examples of this are furnished by the belh flower, 
Cauipaindp/, and by crane's bill, (ferain’ir/N. 

w'aiit to fail to mention tiiat the sterile flowers of 
^lydyaugca aspeva live longer than the fertile ones. The ]X‘rianth 
segments of the sterile blossoms l)ecome green on the morpho- 
logically upper side and red on the lower which later is directed 
upward. 

Ginkgo, as another cxam])le, is a dioecious tree and no means lias 
yet been devised to distinguish between trees of the two sexes until 
they produce sex organs.-'’^ I have gained the imjircssion in 
Europe and in japan, however, that the two sexes arc distin- 
guished by producing and dropping tlieir leaves at dilTerent times. 
The staminate trees usually open their buds about a W'eek earlier 
than the pistillate and shed their leaves correspondingly earlier in 
autumn. Tn the botanical garden of Vienna there is a large stami- 
nate tree upon which a pistillate scion was grafted years ago, and 
the latter has given rise in the course of time to a large branch 
abundantly liearing fruit. With consideralile precision one can 
readily oliscrve on this tree every autumn this difference in time 
with respect to leaf production and leaf fall. When the staminate 
tree has she<l its leaves the pistillate branch still bears its foliage. 

Hciiiricher-'’'^ tells about another ginkgo three meters tall in the 
botanical garden of Innsbruck w’hose terminal shoot he removed 
and replaced l^y the grafting of a staminate shoot secured from 
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Wiirzburg. It is not stated wlictlier the stock was pistillate, but in 
agreement with iny own observations Heinriclier found that the 
staminate scion always sprouted earlier than the stock ; contrary to 
expectation, however, it remained longer in foliage. As is so often 
true in grafting, it is possible in this case that at the point of union 
the descending stream of assimilates was obstructed by an irregular 
development of tissues, as might happen in girdling, and that the%, 
scion, consequentl)% was unusually well nourished*^’^ and retained its 
leaves longer in a green and living condition. 

Particular interest attaches to the fact established by Correns 
that in the biennial dioecious 'Vnuia glauca the numerical ratio of 
the two sexes of plants shortly before flowering is 1 : 1 and that 
the mortality of the two is the same at that time, l)ut that, begin- 
ning at the initiation of flowering, almost all the staminate plants 
rot otf at the crown of the roots, usually long before flowa^ring 
ceases, while only a few of the pistillate plants die. The ratio of 
staminate plants which die to the pistillate ones that pe^di is 19:1 
and this relation is rather constant during the entire blo's^LtOiiiing 
period. According to Correns, the disease which destroys the 
staminate ])lants in such a devastating manner is caused by an infec- 
tion resulting in deca}- of the root and drying-out of the main 
flowering shoot as well as of the lateral shoots. The agent of this 
infection is still unknown. If, now, the staminate plants are more 
subject to infection and perish sooner than the pistillate, there must 
he a constitutional difference between the sexes, probably of a 
cliemical nature. This has already been shown in the case of many 
animals and it is my opinion that investigations directed especially 
upon this point will disclose chemical dilTcrences between the two 
sexes of still other organisms. The distinctions which are revealed 
in the structure of dioecious flowers may well go hand in hand with 
corresponding chemical differences. 

\\Tber‘‘^'^' has called attention to a striking susceptibility of 
staminate plants toward frost injury, Male plants of the dioecious 
Dat'iscii ciiumihina freeze every autumn upon the first slightest frost, 
while the pistillate, which at this time begin to ripen their fruit, 
last for several weeks longer. He mentions esi)ecially that the 
male plants do not naturally perish earlier but succumb because of 
greater susceptibility to the frost. 

In the case of certain mosses, e.g., dioecious species of Polyt- 
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richuw, the leaves of the female plants enjoy a shorter longevity 
than do those of the antheridial plants. Those of the archcgtmial 
plants die after formation of sporogonia, living for only one year, 
while those of the antheridial plants remain ali\'e for two years. 

As dc Vries showed not long ago A'*" premature death may set in 
if some characteristic necessary to life is not inherited and is thus 
^mitted from the plant. Though this situation does not concern 
dioecious plants and, strictly speaking, is beyond consideration here, 
it may, however, be mentioned. Many plants produce seedlings 
whose cotyledons remain white or yellow without becoming green. 
They produce either no chloroph}dl or onl\’ sucli a very small 
amount that they are unable to jiroduce additional leaves, an<l, 
therefore, they soon die. This can be seen with respect to certain 
plants in fields and also in gardens where great masses of seeds are 


sown. The following talde from de Vries states the percentages 
of vellow and white seedlings found among certain species: 


. Intirrhiiiunj^Jiajits .... up to 6% 

darJ^i'^heila “ “ 

Kliocas “ “ 30 % 

Fapaver rupifragufn ... “ “ 30 % 
t’olygointni fagopyrum “ ‘‘ 12 % 


Scrophnhiria iiodo.ui . . up tn iScf 
Tnfoli'uw {)ic(!nialui}i .. “ “ 6 % 

Clirysa)iilic)jnt)ii .scgi'inin “ “ 13 % 

Liitaria 7-uJgnr{.\' “ “ 25 % 

'frifoliuni pratrusc “ “ 13 %(? 


The percentages decline iu other cases as low as 1 to 2 

De Vries was fuially led to the conclusion that certain qualities 
essential for development can be lost in the same way as other mu- 
tations and that races then arise of whose seedlings one fpiarter and 
at times even one half die iirematurely. 

So much for annuals and for plants of longer duration. It is not 
known how tlic two sexes of dioecious perennials heliave as tar as 
longevity is concerned; whether pistillate oaks, willows, iiojilars and 
the gingko live longer or only just as long as the stammatc trees, 
and further investigations along this line would he very com- 
mendable. 

THE LONGEVITY OF ORGAN? 


FLOWERS 

The flower of an angiosperm is a metamorphosed shoot adapted 
for definite functions and consisting usually of very^ dilTcrent 
organs. The latter can display a variety of longevities insofar as 
one dies before the other. In the Papavcraceae, for instance, the 
calyx is very temporary, soon falling, and shortly thereafter the 
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corolla and stamens follow suit. Among the Prinnilaccae, on the 
other hand, the corolla and stamens are shed rather early, while the 
calyx may be retained for months in a living condition. It is not 
easy, therefore, to say just how long the flower persists, for its com- 
ponent parts behave differently in this respect. When in the follow- 
ing discussion reference is made to the longevity of flowers, it must 
he understood, therefore, that the period of longevity extends froirh 
the first opening of the Idossom to the final withering or shedding 
of its important parts (calyx, stamens). 

So conceived, the duration of flowers among various plants lasts 
from three hours to three months. The shortest-lived constitute the 
so-called ephemeral flowers and in the following table von Kernel'^”® 
has gathered together the hours of opening and closing of a number 
of one-dav flowers : 


PRRTons OK Loxcevity of Oxe-Day Flowers 


riant 

1 

0])cns 


Alliouia violacea 1 

,V4 M. 

11-12 A. M. 

Roetfieria violacea 

4-5 “ “ 

10-11 “ “ 

Cisli{s cretictis ' 

5-6 " “ 

5-6 P. At. 

Tradescantia z'irginica 

5-6 “ “ 

4-5 “ “ 

Iris arenaria 

6-7 “ 

3-4 “ 

Hefncrocallis fulz'a 

6-7 “ “ 

8-9 “ “ 

Cotivoh'ulus tricolor 

7-8 “ “ 

5-6 ‘‘ “ 

O.ralis sfricia 

8-9 “ “ 

3-1 “ “ 

Hibiscus Triofiuu! 

8-9 “ “ 

11-12 Noon 

Erodimn Cicutariiim 

8-9 “ “ 

4-5 P. .M. 

Portulaca qraudijlora 


6 7 “ “ 

Calandrifiia compressa 

9-10 “ “ 

1-2 “ “ 

Drnsera lougifolia 

i 9_io " 

2-3 “ “ 

Arenaria rubra 

10-11 “ " 

3 4 “ " 

Portulaca oleracea 

10-11 “ “ 

3-4 " “ 

Speryula arvensis 

10-11 " “ 

3 4 " “ 

Sisyrinchium anceps 

11-12 “ 

4-5 “ “ 

Mirabilis iongiflora 

7-8 P. M. 

2-3 A. M. 

(Jercus grandiflorus 

8-9 “ “ 

1 2-3 “ “ 

Ccreus nycticalus 

9-10 “ “ 

2-3 “ " 


If we arrange these short-lived blossoms according to the time 
they are open, we secure the following: 
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Periods of Longfaity of One-Dav Flowers 


Plant 

Hibiscus Trionuiu . . . . 
Calandrinia compressa 
Porfiilaca oleracea . . , 
Droscra longifolia . . . 

Arct\aria rubra 

Spcrgula ari'eusis . . . . 
Cerctis nycticaiiis . . . 
Sisyrincbium anccps 
Roemeria ^<'ioiacca . . 

Oxalis slricfa 

Mirabilis lotigifiora . . 
Cere us graudiflorus . 
Allioitia vioiacea . . 
fj'odium Cicutariufu 

Iris arenaria 

tricolor 

T rr Icscautia virguiica 
' Porhilaca graiidi flora 

Cisfus ere liens 

Hem era cal! is Juha . . 


As iiidicaled in the table, short-lived flowers open either between 
earlv morning’ and noon, at approaching twilight, or at night. 
Among them are those which open between fn e and seven o clock 
in the evening, remaining so during the entire night and the follow- 
ing forenoon, and which do not close until noon or evening of the 
next day, generally 24 hours after flrst opening. They include 
several species of thorn-a]iple and evening primrose, Datura Mcfcl, 
D. Stranioninw , Oenothera biennis, Oe. grand i flora, Monna Fer~ 
sica, Mirabilis Jalappa and fichuiocactus ! ctani. The flowers of 
these plants open and close only once but there are others which do 
so several times and wTose longevity, accordingly, is longer. In 
this category may he mentioned Glauciuin cornieidafuw, G. lufeum, 
Papaver alpinnm. Liman tenuifolium, Rubus idaeus, Rotenidla 
erecta and Opuntia nana. 

The following table based upon von KernerT data and inv own, 
indicates the longevity of flowers which live from two to many days. 
From these figures we observe that the time within which the 


Hours i>iK'ii 

3 

4 

5 
S 
5 
5 
5 

5 

6 
7 
7 

7 
« 

8 
n 
10 
10 
10 
12 
14 
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Periods of Lonoevity of Vartol'S Fi.ovyeks 


Plant 

Floral 
Longevity 
in Days 

Plant 

Floral 
Longevity 
in Days 

Ccnfunculus tniiiimus . 

2 

Digitalis purpurea 

6 

Dia}itlius prolifer ... 

2 

Rryfhraca pulehella ... 

6 

Epilobium colliniim . . 

2 

lleinerocailis fiava 

6 

Gerauiiitn pratense . 

2 

Liliuni album 

6 

Fapaver somniferum . 

2 

Oxalis lasinndra 

6 

Foteiitiila atrosau- 




guinea 

2 

Ranuneiilus acre 

7 

Rosa arrensis 

2 

Pelargonium snnale. ... 

7 

Sapoiiaria Vaceuria . 

2 

F. ran this hiemalis 

8 

Sinapis arrensis 

2 

Hepatica triloba 

8 

Veroniea aphxlla 

2 

Faniassia palusfris 

8 

Lofiieera Caprifoliiini . 

3 

S ax ifraga b r o i d cs 

8 

Foteiitiila fonnosa . . . 

3 

Cyclamen euro pa cum . , . 

10 

A grim 0 Ilia Eupa- 




torimn 

3 

Croc'/iY satk'us' 

12 

M phyllant h es inonspc- 




liensis 

3 

Saxifraga Burseriana . , 

12 

Gal ill III infestuin .... 

3 

Vaccininm oxycocens . . . 

18 

/ f rliaufltcinuni alpestre 

3 

Cattlcya labiata 

30 

Lyrliuis diurna 

4 

Vanda cocrulea 

30 

Sac/ina sa.vafilis 

4 

Cypripedium insigne .... 

40 

Seduni afrafuin 

4 

Odontoqlossnm sp 

40 

S cilia LiHohyacinihus 

4 

Dendrohinm crassinode . 

42 

Tdephiuni Imperati 

, 4 

F.pidendriim Llnd- 




leyauum 

50 

Safigiiinaria ea node ns is 

4 

Phalaenopsis grandiflora 

50 

Escholtzia calif ornica . 

5 

Oncidium cruenlum .... 

60 

Fntillaria Melcagrls . 

5 

Cypripedium villosum . . 

70 

S cilia sibirica 

5 

Odonloglossuin Rossii . , 

80 

E rytii raea C cn lauriu ni 

i 5 

Fhalacnopsis ShiJleriana . 

90-135+ 

Liunui z'iscosuiii 

5 




* In the Gardeners Chronicle of May 17, 1873, I find ihe statement that 
blossoms of Phalae>iopsis Schilierinna have lasted from Christmas to May 
7, a period of 4]/^ months. After coming into flower, the plant stood in a 
conservatory at 10° to 13° C,, a relatively low temperature, which accounted 
for the long life of the flowers, 

flowers of various plants remain living is, relatively speaking, not 
great, but that it varies, as has already been noted, between three 
and 2160 hours. Von Kerner says with justification: “This strik- 
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iiig cliiTerence is related to the amount of pollen in the individual 
flowers as well as to the number of flowers per stalk sind depends 
also upon whether or not the sti^nnas of the fl(jwers concerned are 
exclusively insect-pollinated. Flowers jirovided with many stamens 
and abundant pollen, as those of poppy, citrus and portulaca. 
always possess short longevity, while, conversely, those with only 
one anther, as most orchids, remain fresh for weeks. If the ]>lant 
puts forth only one flower annually, as is true of (nihnithus, Piroht 
anif^ora, Paris quadrifolia and the different species of Trillium, or 
when the flowers are only two or three in number, as in Cv/’rf/’c- 
diitiii calccolus and tropical orchids of the genera Oiicidinm, Slau- 
hopca and Cattleya, these single flowers long remain fresh and ojien. 

It mav so happen, in spite of all the means of allurement at the 
disposal of a flower, that it remains unvi sited lyv insects for weeks 
at a time because of unfavorable weather conditions. It the l)los- 
som is so constructed that in the absence of pollen-bearing insects 
there is no .levelopment of viable seed, then plants producing only 
one or a few such sliort-lis'ed blossoms would develop no si'ccls at 
all during a year’s time. It is very advantageous, tlierefore, if 
flowers of this nature |)cr.sist as long as possible; the longer they 
remain fresh and open the greater is the likelihood that insects 
laden with pollen from other flowers will visit them at least once. 

The same effect is achieved if many short-lived flowers are borne 
on a plant during the course of a year, especially if the blossoms do 
not open at the same time but successively and if, in addition to 
cross-pollination, self-pollination is possible. 1 he chances foi 
fertilization and seed production are then just as great. An 
especially good example of this is seen in the perennial I radcstafi- 
tia idrgiiiica where during a period of two months the plant iinin- 
terruptedly produces Idossoms which last for only a day, new ones 
opening each day and closing in the afternoon. 

LEAVES 

As compared with flowers, leaves arc of greater' duration ; com- 
pared whth the entire plant, however, they an; rather short-lived, 
sometimes conspicuously so, except in those cases where theii death 
is approximately simultaneous wiih that of the entire ])lant. Lhi- 
fortunately there is not much information concerning their <ige 
and it is ])articularly unfortunate that Hansgirg's-“ work, tliough 
devoted to foliar biology, makes no mention of foliar longevity. 
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The little that I do find in the literature may be summarized as fol- 
lows, to^^ether with some of my own observations. 

Under the most favorable circumstances the leaves of annuals 
attain the age of the plants which bear them, usually that of only 
one vegetative period, namely, several months. This is true of the 
lower as well as of more advanced s].)ecies. Moss leaves, for 
instance, live at the most only one vegetative period and then die as 
they turn brown. 

Pteridophytes. Among ferns (Filicineae) , too, tlierc are 
numerous species whose leaves fulfill their function within one 
vegetative period. The fronds of Pteris aquiliiia, for example, are 
green during the summer only, while those of tree ferns remain so 
for years. Horsetails often retain their green aerial organs for only 
one period ol vegetative growth and then die together with the 
sheath-like leaves. In Equisetuiu hie male I tind the leaves already 
dead at the beginning of the second season though the stem is still 
alive. The leaves of Marsilia quadrifolia, of most species of Se- 
lagiuclfa in our greenhouses, of O phiaglossom vulgutum, and of 
native species of Hotrychhim live only one year or during one period 
of vegetative development. 

Gymnosperms. With respect to gymnosperins, the table on 
pages 99 and 100 may be consulted. According to observations of 
von Zederbauer,'-^^^ a change in the longevity of needle leaves goes 
hand in hand with changes in climatic conditions, for s])ruces in the 
mountains retain their leaves longer than do those on the plains. 
The table on page 97 illustrates how the average longevity of certain 
coniferous leaves increases with elevation abrwe sea level. 

Zederbauer’s idea appears plausible when he says that extension 
of the life of needle-leaves is an ada])tation to a climate otherwise 
curtailing the life of the tree, and that it is a very economical ar- 
rangement for employing light in assimilation to the greatest 
extent. 

In view of the foregoing remarks, it might be expected that coni- 
fers secured from different climates would differ in the longevity 
of their leaves, a situation which is suggested by the fact that other 
characteristics adapting a tree to a particular habitat are inherently 
retained. According to Zederbauer, this is actually the case. He 
was enabled to make llie following oliser vat ions upon spruces from 
a variety of climates and which Cieslar^’^ cultivated in the woods 
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I.()X(JKVn'V OF CONIFKR l.KAVKS 


HI ovation 

F(>nge\ ily of 

lU'cdles ill 

years 

in meters 

Piica 

Viuus 

riino' 

Fin rev 



sili't'sirix 



230 





( Mariahrnnn ) 

4-f) 

2-3 


4-5 

m 





(Fiichl)erg am Sclineolicrg) 

7-8 

4-5 

4 <) 


1400 





(ScHijoeherg, N.K.) 

9 



7 

1750 





(Seliiiecbvig, X.lh) 

10-13 



8-11 


I tushy 




about \ ienna. The a\'erage 

longevity of the spruce needles from 

the indicated places and sti])ulated ele\ 

'ations were : 


Finland 




ears 

Attergau in Austria 

.-\clictUal ill tlic Tyrtjl . . 


. . 1380111. 

8-0 

() 



OOOin. 



. 13()0m. 





l()00m. 

() 


Fdling near Woltsherg . 


4()0m. 

5 



Tlioiij^li wf iioto in these H'^nres certain variations attri])Uta])le to 
climate, locality and other factors, nevertheless, the longevity ot the 
leaves is characteristically constant within certain limits for each 
species. 

Monocotyledons, — Monocotyledons j)ro<luce leaves winch vary 
greatly with respect to longevity. In numerous hulhous forms, such 
as n yaciuthus, Tnlipa, Xarcissus, Fritillaria, (ialaiUJius, Lciicojuui, 
(rayea, Scilla and Ornithoyaluin, leaves a])pear in the spring, flowers 
and fruit soon follow, ainl before the seed.s devclo]) the leaves lie on 
the ground, already yellowed or comitletely dried out. The maxi- 
mum age of such foliage is often only one to a few 'months, and in 
the case of Ajuarylli.s' liicida, according to Grisebach,’^'^ only ten 
days are needed for development of leaves and flowers and for 
ripening of the fruit. 

The other extreme we find among many palms whose leaves 
often pe.rsi.st for years. If we bear in mind that the palm leaf can 
attain extraordinary size, for which a great amount of food mate- 
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rial is needed, it is quite understandable that the longevity of such 
organs should be prolonged and that the plant should not rid itself 
of them so soon. Dracaena, Yucca, /Uoe\ Agave, Pandanus and 
other inonocotyledonous genera often ])ossess leaves which they 
retain for two to three years, probably even longer. Since exact 
figures are lacking, a systematic investigation of foliar longevity 
among monocotyledons would be worthwhile. We are in a better 
position concerning the next group. 

Dicotyledons. — in a small contribution upon the age of ever- 
green leaves in about half a dozen plants, Hoffmann marked newly 
emerging leaves of greenhouse plants in the botanic garden of Gies- 
sen by fastening with thread small sheets of tinfoil about their 
petioles. He thereb}^ noted the time up to yellowing or shedding 
of the leaves. 

On the occasion of a visit to Italy, Kraus disclosed the foliar age 
in numerous other evergreen plants by that of the twigs bearing 
the leaves. It is well known that among many conifers, as well as 
with deciduous trees, the age of twigs can be judged from outward 
appearances ; each increment of growth corresponding to one vege- 
tative period is located above the one immediately preceding it and 
is distinguished from it hy successive changes in the thickness of 
the stem, by color differences, by markings of bud-scale scars, or 
by the crowding of leaves at the beginning of each year. If such 
indications are lacking, the age can be determined, in the case of 
dicotyledons, als(j ])y counting the annual rings. In monocotyledons, 
to be sure, this means is not available, for annual rings are not 
present. 

Particular attention must yet be directed to one point which, so 
far as I know, has not heretofore been considered. When we speak 
of the duration of leaves it is tacitly understood, as in the following 
discussion, that the leaf begins its period of longevity with the open- 
ing of the bud and concludes it at the time of leaf fall. This con- 
ception is not entirely correct, however, for the actual beginning of 
any prospective leaf is concealed within the bud close to the grow'- 
ing point where it develops bud scales and remains enclosed by 
them, among our woody plants, until the following spring, finally 
to develop further at that time. As a concrete example, the elder 
develops its foliage buds shortly after sprouting and the tiny leaves 
which constitute the buds long remain immature and thus pass the 
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winter, attaining full development only the t\ext year. A leal of the 
elder lives, then, not one but two vegetative ])eriods. 'I'liis accounts 
for tile fact that leaves falling spontaneously in autumn, yellowed 
or not, as a rule do not fall in a dead condition but die on the 
ground, usually through drying out. in order, then, to estimate 
foliar longevity correctly, these two circumstances must be taken 
into consideration, as well as the fact that in determining foliar 
longevity we are dealing not with a fixed value but with one vary- 
ing between certain limits, d'he leaves of one tree, even those of 
the same twig, may show different periods of longe\'ity, oven when 
they apparently are subjected to the same external conditions. It 
can also be readil\' observed that short and In.irizontal or inclined 
branches of laurel retain their leaves for one or two years while the 
long, rod-forming and vertical slinots retain theirs for four to five 
years. 

It may be noted also that leaves of sucker shoots usually become 
older, those of younger jdants generallv live longer than those of 
older ones, and needles of the Sc(.>ts pine la.st longer when exposed 
to light than in the shade. In the last case nutrition ap])cars to me 
to play a significant nMe to the extent that better nutrition results 
in longer life. This seems all the more likely because, as will be 
shown later by experiments, the longevity of cotyledons can he 
conspicuously jmolongcd by abundant fcctling. 

Summary. — The frill owing talile presents a review of the a])- 
proximate periods of foliar longevity among various gymnosperms 
and dicotyledons :* 

Rf.vikw 07 - Tin: Pi-.riods of boxc;F,viTY of X'.vKior's Si’kcific 
Kinds ok I.ka\ks 

Foliar lonxcvilY 
in years 

Conifers 


Cupressus fuuebris 1-2 

“ horizon tails 1-2 

Lihocedrus decurrens 1-2 


Species 


See the original German edition, p, 79, for the authorilies. 
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Rkvtkw ok thk Pkriods 
Kfnds of 

OF Lonoevity of Various Specific 

Leaves — (Continued) 

Species 

Foliar longevity 
in years 

Finns pinca* 

2 

“ xnaritixua 

2 

“ canaricnsis 

2 

“ sih'i’stris 

. . . . 2 & more 

“ “ 

2-8 

“ loricio 

. , . . 2 & more 

“ “ 

3-6 

“ Pinsapo 

.... 11-15 

c.rcelso . 

12 

“ Centbra 

3^ 

“ montaiia 

5-13 

Taxodinni sp 

2-3 

Sequoia sp 

2-4 

Juniperus oxyccdrns 

3 4 

C ephaloiaxits Fortunei 

3-5 

Sciadopitxs reriiciilata 

2-H 

Fodocarpus Koraiana 

4-7 

Taxits baccafa 

(y-S 


8-10 

Cunninghamia sinensis 

8 

Abies exeelsa 

... 3-5 

<< 

4-14 

“ pcetinata 

5-10 


5-11 

“ holophxUa 

2-5 

" Nordmanniaua 

3-5 

Cedrus lihani 

1-4 

Araucaria brasilicnsis 

15 

“ BidzAlli 

15 

Gnctaccae 

IVehAtschia mirabilis 

... to 100 

Ephedra tatarica 

1 

“ procera 

1 

“ Gerardiatia 

1 

“ campulopoda 

1 

“ helretica 

1 


gives the following periods of foliar longevity: Spruces (Ficca 
nxgni, F. rubra, P. alba, P. obovata, F. oricnfalis, F. sifchensU) 6 to 7 years; 
Firs (Abies Nordmanniaua, A. cephalonica, A. Pinsapo, A, balsauica, A. gran- 
dis, A. sibirica) 7 to 8 years; Pines (Finns rigida, F. Taeda, P. pondeyosa, 
P. Jeffreyi, P. Strobus, P. excclsa) 3 years; r)ouglas-fir (Psendotsuga 
Douglasii) 4 to 6 years. 
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Review ok thk PEKionf; ok Loxo.kvii'Y ok \'a«uu's Skkcikio 
Kinds ok Leaves — 


Species 


SihiniLs MolU' 

Fctasifcs 

t'icKs slipttlata 

Saivta 

^Irbutii.'i ^iudrat'hiie 

Ouercus lamta 

Veronica xalicifolia . . . 

^^yi■sinc africana 

-Vi’n'ioft Oleander 

Evonymus japonieus 

Zirio/io/rva 

Photinia 

Ilex Perado 

Phillyrea anunxtifaiia 

Persea yralissiinu 

Mag)iolia grandiflora 

Ceratonia 

Iiitealyf^liis Clohuhts 

Olea euro pea 

LcTiiroceru^Kji . , 

Insifanica 

i'nedo 

IdOJistnun japonicniu 
Coecnlus laurifoUns . . 
Malionia AiiuifoUinn . . . 

“ Forfnnci . . . . 
f^itlosporiim ‘imdutiiimn 
Rhatnnifs Alatenius . . . . 

Or evil lea robust a 

Cantpliora 

Erica arborea 

Laurns nohilis 

Quereus Ilex 

“ Saber 

Z^o.\'»ian/if(i' officinalis . 
Melaleuca hypericifolia 
Pittosporum Tohira . . , , 

Pistnexa Leniisexxs 

Ilex Aquifoihixn 


Ilackca acicularis 


Foliar longevity 
ii: years 


Keniavks 


nicoiyledons 

1 

1 

1 

1 

. 1 

1 

1-2 

1-2 

1-2 

12 

1-3 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 


1-3 

1-3 

1-2 

1-3 

2 

1-3 

1-3 
1-2 
1-2 
1-2 
1-2 
1 -5 
4 


1-4 

1 - 3 

2 - 3 

2 - 3 

3 - 5 
3-5 

2 - 4 
2 

3 - 5 


Leaves nsually one year 
old, seldom two years or 
older. 


One- and two-year-old 
leaves ecinally common. 


j 


Leaves regularly two years 
old, often three to four. 
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Review of the Periods of Longevity of Various Specific 

Kinds of Leaves — (Continued) 

Species 

Foliar longevity 
in years 

Remarks 

Farcinitim vitis idoea 

1-2.4 


Rhododendron poniicum . . 

1-2 


Hedera Helix 

1-2.3 


P run us laurocerasus 

1.5 


Eugenia eapparidifoiia . . . . 

2-5 


australis 

1-2 


Camellia japonica 

2 


Piftosporum nndulatuni 

2-4 


Pseudopanax crassifoliuni . 

3^ 


Callistcnwn violaccuni 

3-5 



Filially, some observations upon the inaxinuini age of evergreen 
leaves which I was in a position to make during my stay of several 


years in Japan 

Ligustrani jal'onicuui 2 

Ilex crenata 2 

Ouercus sp. 2 

Aticuha japoiiica 2-3 

Tlica Sasiuigiia 2 

Ez’oiixnitis japonicits 1-2 

Th{’a japonica 2 

Vibiinutni oduraiissiniuin , . . 2 

Loniaria japonica 2 

Ilex lafifolui 3 

Cryptomeria japonica 4 

Films densiflora 2 

Fasania sp 4 

Illicium anisatuni 2-4 

Torreya nucifera 5 

Lifsca japonica 5-7 

Osuianfluis Aquifolinni 5 

Sciadopitys z'crticillata 8 

Abies firma 15 


Examination of all these figures shows the following: 

The leaves of W ehvitschia possess the greatest lon- 

gevity, attaining a maximum age of 100 years. Next are the needles 
of conifers and among them the longest periods are shown by the flat 
individually developed leaves of various Taxineae and Abietineae 
and of the genera Araucaria and Cuuniughauiia. Among the Cu- 
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pressineae, the junipers occupy <an intermediate posititin. as do the 
sequoias and certain two-lcaved species of pine among the Ahie- 
tineae. Their period of foliar longevity is two to three or four to 
five years. Relatively short-lived among conifer leaves are those 
of Cuf^rcssus and Liboccdrus. 

The broad leaves of dicotyledons are shorter-lived, lluckca, 
Laums, Qiuvrus, Ilex, Pistaciu, Callisteiuou and Pittosporuni pos- 
sess foliar longevit}' up to five years and there are otliers, though 
not many, which show three to four years, d'he majority nf dicoty- 
ledons, however, are in the one-year class, not infrequently showing 
a tendency to retain their leaves for two years. 

\\T must not fail to mention that many species of broad-leaved 
trees are conspicuously distinguished from one another l)y their 
time ol foliation. Tliis can readily l)e oliserved in a mi\ed wood 
when the foliage appears in s})riiig. Kven in the same species, as 
tlie beech, or, as I have often observed, in chestnut and linden, one 
can see that individuals under exactly the same conditions <!o not 
sprout at the same time, but some earlier, others later, and that they 
maintain this rhythm each year. Since the progeny of such ])lants 
behave the same a.s their parents with respect to early or late folia- 
tion, a heritable feature must be involved.* 

In general, it may be said, aside from exee})tions, that the iile ol 
leaves is relatively shorter than that of shrubs and trees as a whole. 
1 shall soon touch upon this point and attenqit to find a plausible 
explanation. 

Though the relatively short longevity of most leaves is generally 
well known, we have not heretofore been concerned with the causes 
involved. Why do leaves fall wlien they ha\e attained a certain 
age? Or why do they die usually after the first period of vegeta- 
tive growth, even though they may not be discarderl l)y means of an 
abscission layer? Is their death controlled merely by external 
factors or is it inherent ? 

Continued increase of ash content as a contributing factor in 
the death of leaves. Water taken up by the roots of a tree ascends 
the trunk together witli dissolved mineral salts and then continues 
into the leaves of tlie crown. 'Fhe leaves transpire, giving off tlic 
water in the form of va])Or, while the mineral salts remain in the 
leaves. The same is true of herbaceous plants. Since this Iran- 
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spiration always takes place vN'heii the atmosphere is not saturated 
with moisture and since during the course of one vegetative period 
immense amounts of water are given oft' by the leaves, quantities 
greater than from all other parts of the plant, there must result a 
gradual accumulation of mineral salts in the leaves. In other 
words and on the assumption that incombustible materials are not 
removed from the leaves in such quantities as they enter them, the 
leaves must continually become richer in ash content and finally 
liccoiiie the most ash-laden of all the organs of the plant. This idea 
is fully confirmed by ash analyses and in the following table we 
note the much greater percentage of ash content in the dried ma- 
terial of fully developed leaves as compared with that of their 
green and less transpiring stems 


Ash Analysks of Ckrtatx Specific Kinds of Leaves and Stems 



Lca\ cs 

Stems 

Lupinus hiteus ... 

6.06 

3.86 

Brassica Rapa 

20.84 

9.18 

Humulus iMpulus 

13.60 

3.74 

Priimda farinosa 

11.73 

5.90 

Nicodana Tabaciim 

11.87 

7.73 

Aneihum grareolens 

15.03 

; 9.86 

Gossypium herhareum 

7.86 

1.81 


The ash content of fully develojied leaves varies in many cases 
between 8 and 12^^ , based on the dried material. Frequently much 
greater values can be found 


Solanum tuhi’vosnni 18.19-25.77% 

Myosotis ari'etisis 17.85 

S(:iern)ifhus animus 17.20 

Urtica dioica 17.82 

Ricinus communis 20.11 

Beta vulgaris 29.23 

Ranunciilus repens 18.00 

Senecio jacohaea 23.24 

NicoHana Lahacum 22.97 

Xanthinm spinosum 17.97 


From these tables we see that the large percentages of ash content 
belong to plants having leaves which, for the most part, are rela- 
tively soft and herbaceous and whicb transpire abundantly. 
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If there is a relation hetwcen intensity of transpiration and asii 
content to the extent that greater transpiration results in greater ash 
content, then those leaves which are provided with some protective 
adaptation against excessive transpiration, as the evergreen needles 
of conifers, must have a comparatively low ash content. Tliis is 
actually the case, as the following table shows; 

Larix drridiia up to 2.48'^f 

Finus sik'iwtris “ " 1.48 

Pinus aiisfriaca “ “ 1.80--" 


It is also indicated here that tlie softer and greater transpiring 
leaves of the larcli, whicii live for only one season, contain more ash 
than do the lesser transpiring needles ol the jhiie, which retain its 
leaves for several years. 

The fact that the foliar ash content of woody "[jlants often in- 
creases continually with age is also of importance for my further 
considerations. Rissmuller-^^ found the following ])ercentages of 
ash in the leaves of k\ufits silvafica: 


Ash .Axai.^sks ok Pkkc'h Pkavks 



M ay 26 

June 26 

-o 

LTi 

- 

Jr. 

!■ 

Dried 

material 

23.35 

40,21 

43.64 

j 

1 50.74 . 

47.42 

40.37 

Fresh 



1 

1 



i 

material 

4,67 

5,20 

7.45 

9.03 

H.9() ' 

10.80 ^ 


i)ulk“'- found the following percentages for leaves of a 20-year- 
old beech, which had not yet home fruit : 



.\SH Analysk 

s or PKi- 

CH Ll',.\\ 

'ICS 




i 

”, 

Juno 

1 

i 

^ 1 



y. 

Driexl 

material 

20.76 

34.32 

i ' 

36,00 

1 

37,66 

36..12 ' 

37.15 

1 

33.f 

Pure ash 

4.68 

3.95 

4.78 

5,52 

1 

5.58 

5.91 ! 

6.; 


Concerning a concomitant increase in the ash content of aging 
leaves, Ebcrmayer says ’‘'Fhe total mineral content increases with 
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progressive age; the young leaves in spring are always poorer in 
mineral materials than the discarded leaves of autumn. According 
to Rissmuller, the ash content in leaves of a red beech in the botan- 
ical garden of Munchen increased from 4.67% of the dry weight in 
spring (May) to 11.42% in fall (Nov.). In the leaves of an ap- 
proximately 25-year-old beech it increased from 3.95% to 6.93% 
and in those of a red beech from 5.50% to 9.917c- d'he leaves of a 
black locust contained 6.25% pure ash in i\Tay and 11.74% in Octo- 
ber, and in the leaves of a birch the ash content rose from 3.84% in 
May to 4.68%' in October. Dried young leaves from a specimen 
of Finns ausfriaca contained 1.637? ^tid 2.25% in October; 

one-year-old needles of the same tree showed 1.81 %? in i\Tay, 2,30% 
in October; two-year-old needles showed 2.72% in May and 2.59% 



Fig. 14. Silicified .skeleton of the foliar epidermis of Ftcris aqitilina. 
xl80. Original. 

in October; and three-year-old needles showed 3.12% in i\Iay, 
3.287? in October.'’ 

Though the absolute ash content generally increases with age, it 
must not be thought that ash substances can not at times be re- 
moved from the leaves. On the basis of recent investigations by 
Swart, we know, for instance, that there is a decrease in the 
amount of phosphorus and potassium in yellowing aging leaves 
because the plant withdraws their compounds from the leaves dur- 
ing the process of yellowing and before the fall of the leaves, com- 
])Ounds which occur in Nature usually only in very small amounts. 
In this manner such valuable materials are conserved. If in s].)itc 
of this translocation the ash content still increases with age, the 
increase is attributable principally to accumulating quantities of 
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calcium and silicic acid which remain in the leaves. Calcium oxa- 
late, once precipitated within the jdant, remains, aside from certain 
exceptions, as waste material where it is deposited; calcium car- 
bonate likewise remains where it is formed, incrustiii'T cystoliths, 
hairs or other membranes,-'-*"' and the ealcinm which so freciuently is 
disguised within the cell membranes, closely ass()ciate<l with the wall 
material, may in all probability behave in a similar fashion, 

Tn judging the higher ash contents it must he remeinliered that 
mineral materials are not equally distributed in the indivithial tissues 
and cells but that certain regions are favored. In leaves which have 
been reduced to ash, microscopic examination shows that the epi- 



Fig. 15. Baiubiiso sp, Ash'i>ieturp (d a leaf after treatment uf the sili- 
fied cpulenTiis with HCl. s: stomata; c: wavy c])idermal cells, many of 
which are completely filled with silicic acid; h: completely silicified epider- 
mal cells. x285. Original. 

dermis is in the form of an ash-skeleton as a result «)i excessive in- 
crustation with calcium, salicic acid, or with Ixith (Fig. 14). Die 
cell outlines, the stomata and the hairs are so rlistinctly visible and 
the tissue appears to have been so perfectly ])rcserved with all its 
morphological characters that an inexperienced [icrson would think 
he was looking at a genuine tissue and not merely at its ash. Die 
mineral content of the epidermal tissues, as revealed liy many 
analyses, is much greater than that of the ground tissues. Die a.sh 
content of the leaf margin, too, is usually greater than that of llie 
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flat [)ortion. Thus, when the total asli content of the leaf amounts 
to it does not follow that that of the epidermis also is 20%. 

If a one-year-old leaf accumulates so much ash material by 
autumn that the cell walls appear in the ash as a silicificd skeleton 
and re])roduce the form of the tissue witli exactness, it follows that 
in a leaf living several years the tissues must gradually become so 
incrusted, especially with calcium and silicic acid, that normal func- 
tioning is hardly to l)e expected. Certain leaves, as those of the 
elm, acquire a high degree of brittleness at the end of the first year 
because of this excessive mineralizing of the epidermal tissue and 
are easily broken off when withered or dried out. 

This .striking incrustation with ash materials must provoke dis- 
turl)ances in the functioning of the leaf, and we know that even 
slight derangemeuts may lead to leaf fall. The autumnal casting 
of foliage and of the leaf as an individual must certainly be re- 
garded, from this viewpoint, as an adaptation with a i)articular pur- 
po.se, liecause it effects the removal of leaves no longer capable of 
functioning and provides room for young ones. 

Soft succulent leaves, on the contrary, are often so damaged by 
hail, wind, storm, insects and fungi during only one vegetative 
period that they can serve their purj^ose ver}’ poorh- the second 
vear. We need consider only the leaves of a tree in late autumn, 
scarcely one of which is seen to be entirely uninjured. 

We might raise the question as to how it is iiossible for some 
leaves to live two or more years if strong mineralization of the leaf 
can cause disturbances in its functioning after only one year. Such 
longevity is possible only when special provision is made by particu- 
lar adaptation for such long-lived leaves to accumulate and deposit 
less mineral matter. It becomes necessary, to this end, that they 
trans])ire less than do others, and all leaves of several years’ dura- 
tion are actually provided with many sorts of protective measures 
against transpiration, such as reduced surface, waxy covering, ob- 
struction of stomata with wax (conifers), depression of stomata, 
thick cuticle, hvqierclermal layer, and tliickening of the epidermis and 
cell walls in general. Weakly transpiring leaves of this nature gen- 
erally contain less ash because the transpiration stream with its dis- 
solved salts is by far more moderate in them than in soft annual 
leaves. 

My contention that the dejiosition of mineral substances within 
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the leaf must finalU' lead to such an accumulation that functional 
di^urhances are introduced, is supported hv the correlation which 
exists between the lesser quantity of ash and the lonjfer life of ever- 
green leaves. It is supported also by experiments which I liave 
made with two-year-old potted plants of hireh and hornbeam kept 
in very moist surroundings. So long as I cultivated these trees in 
large sealed glass containers in a cold house, tliiis inducing very 
reduced transpiration, the leaves remained alive’ mnch longer than 
on control plants. In the case of the birch, yellowing of the foliage 
within the daiiqi chamber did not liegin until December and leaf 
fall occurred only in January, while the leaves of the hornbeam re- 
mained green until the middle of h'ehniary and fell unly at the 
beginning of March; the leaves of the controls turned velluw or 
fell in the beginning of Xovember. 

How is it possible in view of all this that tlie leaves uf ll'c/- 
retain life for decades, even nj) to 100 \’ears? d'his ap- 
])arent contradiction is very satisfactorily cx]daincd if wc recall 
that the two solitary leaves which the unhranched and turnip-sha])ed 
stem of tins plant hears, constantly die off at their ends Imt eonlinne 
to grow at their bases. 

Thus has Nature chosen an effective means of prolonging the 
lives of evergreen leaves in so limiting the stream of dissolved 
mineral substances by means of special anatomical ada] gallons that 
the leaves store up at a much slower rate the same maximum amount 
of ash that would render their retention otherwise impossible. 

HAIR 

Wc are indebted to Hurkhardt"^'' for a detailed study u))on this 
subject. It is well known that hairs are manifoldly varied in both 
structure and f\ii)ction and that their length of life is correspoml- 
iiigly variable. Setaceous hairs are generally long-lived and in the 
case of soft hairs longevity u.sually increases with augmented thick- 
ening in the walls. The inibesccnce of fruits and seeds generally 
falls earlier than docs that on leaves and pedicels. Insect-trapping 
hairs are short-lived, usually dying along with the flowers, and in 
the case of /IrisloloL'Jiia, this takes place even earlier in order to pro- 
vide exit for pollen-laden animals. Woolly hair also dies early and 
soon fills with air. The same is true (d flight-hairs, as on the fruits 
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of willow, poplar and composites. Root-hairs, too, as has 

long been known, are sliort-livecl. 

The longevity of hairs frequently shows a dehnite relationship 
with their function. Hairs which soon become filled with air and 
consequently die arc short-lived because they can just as effectively 
perform the functions of modification of light and protection 
against transpiration and excessive heat when dead. 

Certain functions can l^c performed, on the contrary, only by 
hairs which long retain their living contetits. Attention may be 
directed, among others, to the stinging hairs of nettle, to hairs which 
contain tannic acid as a defense against animals, to hairs secreting 
resin and volatile oil, and to water-expelling hydathodcs. Un- 
fortunately Burkhardt has given no figures of longevity and has 
thereby left a vacancy which has yet to be filled. 

THE DEATH AND LONGEVITY OF TISSUE CELLS 

W’henever in the foregoing we have spoken of trees which live 
tor a hundred, a thousand, or for several thousand years, we always 
think of the tree as a whole, as an individual entity. It must not 
be forgotten, however, that the organs of an old tree, the leaves 
and the flowers, have only a short existence, and that the smallest 
units of the plant, the cells, often live for a much shorter period 
than the tree itself. Without exaggeration it may indeed be re- 
marked that an old tree consists for the most part of dead cells and 
resembles a ruin in which only a few of the original rooms are still 
in use. 

How and wlien does the cell die ? In most cases, cells die be- 
cause their contents have either entirely or for the greater part dis- 
appeared. The living substance is destroyed, used up, or has moved 
elsewhere, and upon disappearance of the protoplasm from the 
cell, death enters. This is what happens in the pith, the w-ood and 
the periderm. 

PITH 

Let us first consider the pith. It consists, either for the most 
part or exclusively, of parenchymatous cells which at first contain 
protoplasm and a nucleus, frequently also starch, chloroplasts or 
even crystals of calcium oxalate. After a certain age the contents 
begin to disappear more and more ; protoplasm, nucleus and starch 
are resorbed until finally the cell appears completely or almost en- 
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tirely empty. It tlien consists only of its wall, 'fhe pith of older, 
S^iiubucus niyra, of the sunflower, Miiiaufhus anuuits, of 
l>apynfcra and of numerous other herbaceous and \\T)ody idants is 
composed of such empty, air-fiiled dead cells. Collapse and mutila- 
tion of the cells are often associated with this loss of contents in the 
pith, frequently resulting in cavities of the pitli or stem, as in 
numerous horsetails, grasses, Umbelii ferae an<l Compositae. 

The following table ipam the longevity of pith cells is taken 
from the work of one of my students--' who undertook the investi- 
gation upon my suggestion. 

As these figures indicate, longevity of the pith is variable, even 
among closely related plants, and cells of the same pith likewise act 
differently if they are of ditTerent anatomic construction, i.c., linck- 
or thin-wallcd. The thiii-wallcd cells usually die earlier than the 
thick-ualled. 

Among the woody plants which were investigated, the maN.inn\m 
longevity of ])ith cells varied between a few months and one to 42 
years, Fritz.sche''^^^ has since studied the longevity of ])ith cells 
without, however, mentioning the work of iMassopiist which escaped 
his attention. VLc found that liomogcncous pith* either remains 
alive up to formation of heartwood or dies before this process sets 
in. Tu bii*cli he found ]ntli that had remained alive for 40 years 
ljut in older trunks it had died. If the ]Mth is heterogeneous, it ])e- 
gins to die out first in the inlernodcs and only somewhat later at 
the nodes. 

Tu certain cacti the pilli cells arc suiqn'isingly long-lived. As 
iMacDoiigal"'^*’ has shown, the giant cactus, Caynct/ica yigantca, 
which occurs so commonly on the deserts of ^Vrizona. becomes 
100 to 150 years old and its pith consists of parenchyma cells 
which ac(|nire a similar age without losing the ability to divide. 
IMacIilougal has also prcseiited”*^ observations u])on the age of 
cactus cells in PcrrocaclHS lVisU::c)iii. As I have Iteen able to see 
for myself, this gigantic cactus is of frequent occurrence it\ the 
country surrounding the desert laboratory in Tucson where it is of 

*Gris2-‘’ distinguishes between homogeneous and heterogeneous pith, the 
former consisting of living cells with few crystal-bearing elements, the. 
latter, for the most part, of dead pith cells and of !i\iiig “Markkroiie.” 
(“Markkrone” refers to the totality of the primary xylein of the vascular 
bundle, according to Schneider’s “Illustricrtes Hamhvorterbuch dcr 
Botanik,” Ed.) 
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Periods of Loxcevety of Certain Specific Kinds of Pith 


Plant 

j 

Nature of pith 

i 

Longevity 
in years 

1 Remarks 

Sainbucus nigra. 

1 Homogeneous 

1 

^ Only the pith cells oi 
the upper internodes 
were still alive in 
the middle of June. 

Larix atropaca , 

; 1 

1 

: Host of the pith cells 
were still alive the 
middle of June. 

J ughns regia . . . 

R obi Ilia pseud o- 

' Non-homogeneous 

1 1 
! ! 
1 

3 

i 

! 

1 

1 

On June 10 the pith 
' showed no chamber- 
ing and consisted 
solely of active cells. 
The thick - walled 

1 cells live three years, 

1 

acaeia 


! ^ 

' The thin-walled cells 
soon die, the thick- 


walled live a maxi- 
mum of five years. 

Salix Cnprea . . ‘‘ 5 The thin- walled cells 

j die already during 

the first vegetative 

I ! period. 

/Ucr l^laianoides \ 6 


Abies pectinaia . “ 

Picea cxcclsa - ” 

Taxus haccata , . Homogeneous 


6-7 

6-7 

7 


The thill- walled cells 
generally die early, 
but some live a 
lew years. 


Rosa canina .... 

Non-homogeneous j 

8 


Syniphoricorpus \ 
mcemosHS ... 

- 

10 

! 

The thin-walled cells 

Pinus silvestris . 

Homogeneous 

! 

10-11 

die very early ; on 
April 27 the current 
year’s shoot was hol- 
low. 

Primus avium . . ' 

Non-homogeneous 

11 


Pirns malus .... ' 


Slightly 




over 12 
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'..^•’eriods of LoNC.hA'iTV OF Certain Si’EaFic Kinds of riTu— 


Plant 


Nature of pith 


Longevity 
in years 


Remarks 


Syri}iiia vulgaris' 


Non-homogeneous 


12 


Pol' ulus Ircnuda 
Plhuniuit! OI'hIus 
L igustrum 
vulgarc 

Prunus spiuosa . 
Crataegus 
Oxyacautha 
riesiuliis Hippo- 
caslanuiu ... 
Pirns com III unis 

Coryfus Aiellana . 
Ouercus pedun- I 

citlala 

Aluus gliilinosa . 
Carpiiius Betulus 

Betula olba 

Tilia pa rvi folia . 
SorhusAueupana 
Fag us sUvaiiea 


Homogeneous 
Xon-htunogene<.)us 
H omogeneuus 

Xon-homogcncous 

Homogenenus 


12 

12 

14 

14 

14 

17-18 
Slightly 
over IH 

9? 


27 

28 

33-40 

42 


Ry the niiddle of June 
the ihin-walleil pith 
cells in nutst twigs 
had died. 


Livuil of life in the 
20th year. 


Prohahly an cxce])- 
tional case. 


use in many investigations. Among other things^ IHacOotigal could 
prove that the extraordinarily water-laden trunk, kc])t in a dry 
room, could remain living up to six years without acc(‘ss to any 
water. One jdant, wlien removed from its natural location, in X()- 
vember, 1908, weighed about 38 kg., and on Dcccmlier 7, 1914, its 
weight was 26 kg. Fully grown specimens are egg-sha})ed in form, 
1.5 to 2 m. tall, and weigh 100 to 225 kg. 'I'hc grtetcr part of the 
stem consists of cortex, the central pith being only a few millimeters 
in diameter. Between these two portions are filiro- vascular iuindlcs 
vvhich also penetrate through the cortical tissue. Pith and cortical 
cells remain alive for a hundred }cars or more. 4'he pith ceils 
attain their ultimate size during the first ten \Tars and show no 
marked changes in volume during this time. While the cross-sec- 
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tioual area o[ the cortical cells increases forty- told durinj^ the iirst- 
decade, in the next hundred years the area is doubled on an average 
only once. There is a difference between Caniegica and Ferro- 
cactus to this extent that the pith cells of the former retain their 
ability to grow and to divide, while the pith and cortical cells of the 
latter retain the ability to increase in size for a period of a hundred 
years but lose their power of division. 

WOOD 

The wood of conifers, aside from pith rays, consists of 
tracheids and parenchyma cells, and in broad-lear'ed woods there 
are, in addition, vessels and libriform fibers. The vessel is com- 
posed of a row of cells which lie one above the other and whose 
cross-walls are soon wholly or in part absorbed. The protoplasm 
disappears early, and the vessel becomes empty and dies. Death 
in the wood appears first in the vessel ; even before the inter- 
node is fully developed the vessel dies. Tracheids, too, live for only 
a short time, for they also soon lose their contents, become empty 
and die. The unusually short lives of vessels and tracheids are 
closely correlated with their functions. They are the means of 
conducting water and can do so effectively onl}’ when they become 
as empty tubes. The earliest possible liberation from their living 
contents appears, then, as a practical adaptation to their function. 
The longest-living elements in the wood are the parenchyma and 
pith cells atid the septate libriform fibers. They conduct and store 
starch during vegetative periods and constitute a reservoir of vari- 
ous necessary materials in the trunk. 

Strasburger^^^ has furnished some careful observations upon the 
longevity of cells in the wood which conduct starch during winter, 
lie has shown that in one f>0-year-old Norway spruce living ray 
cells were found beneath 24 external layers of annual rings. In a 
42-year old Scots pine the living elements of the rays extended in- 
ward as far as the 28th annual ring and in another specimen to the 
36th. In the trunk of a larch the last living element was found in 
the 32nd ring from the outside, and in another specimen in the 
20th ring. In a trunk of Thuja occidentalis the rays were found to 
be alive in their entirety throughout the last 21 annual rings. From 
this point to the pith the ray cells decreased conspicuously and their 
starch was replaced by brown masses of resin. In a 26-ycar old 
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.j)raiich of platauo'uics, living cells \vcre found all the way in 
to the pith, and in a specimen of .leer pscndoplatiiuus they were 
alive in 30 annual rings. Parenchyma cells in Rohiula pscmloacacia 
remain alive and active for 8 years. A 124-)car'Old red hooch 
showed living parcnch\ina and ray cells as far as the 30th annual 
ring, then in decreasing numbers ; isolated cells with starch were 
found all the way to the pith. Strasburger did not examine further 
to determine il thc.se starch-bearing cells near the ])ith were still 
alive. The presence of starch does not appear to me to he jiroof 
that they were living, for it is indeed possible that they became 
enucleated and that their starch, consequently, could no longer he 
dissolved. 

Further ol)scrvations on the longevity of parenchyma cells in 
woody plants are furnished Viv Schniier.*'’’’ He found the follow- 
ing: 


Ta.vus haccala 

H-year 

old ray cells 

Phiua silvcsfris . . 

.IS- “ 


Finns sih'csiris 

35- “ 

“ iiarcncliyma cells 

Pii'ca cxccLsa 

32- “ 

“ sUiich-lu'Hrinj' cells 

Abies nlha 

45- 

“ ray and jiarcnchyma cells 

.Uenrr alba 

8- 

“ “ “ 

Ubnns effusa 

14- " 

“ “ 

Oitcrcits f^cdunculola . . 

18~ •' 

“ 

Pagus siiz’aiica 

,,, 15-20- “ 

“ “ “ “ " 

Be tula alba 

, . , 30 & 



more " 

<c << .1 >1 1. 

Salix sp 

6- “ 

u 

Pa pul ns alba 

10- " 

ray cells 

Popnlus dilaiata 

10- “ 

« u ,. 

Alapliyica pinnaia 

8- " 

a £< 

Sorb us toriuinalis 

8(1- " 

“ slarcli-bearinjf cells 


Fritzsche,"'^^ too, was concerned with the longevity ot woody ele- 
ments and came to the following conclusions: 

1. In dicotyledons with genuine heartwood all ])arenchyma cells, 
substitute fibers, fiber cells and ray cells remain alive until heart- 
wood formation. The transition from sa]}wood to heartwood 
occurs within one to three annual rings, whereupon the j^arenchyma 
and fiber cells die first and the ray cells last. 

2. Transition from sapwood to heartwood is very ra])id in coni- 
fers : in one annual ring in the case of Finns sUvestris, while in the 
larch and spruce some elements begin to die already in the first 
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annual ring. W^ithin the rays a large nuniber of cells gradually 
perish. 

3. In dicotyledonous sapwood all the cells remain alive in some 
cases until formation of a false heartwood within their midst. 
Usually, however, the cells die. in part, beginning at the first annual 
ring, and become filled with infiltration substances. 

4. Librifonn fibers usually live eight weeks; rarely do they re- 
main alive during the winter though in Saliv they live until as late 
as autumn of the third year. 

In his investigations on the longevity of pilli and cortex cells, 
MacDougal studied the longevity of parenchyma elements in the 
wood of seiuperuircns.^'^'’ There are two kinds of paren- 

chymia cells in the newly formed secondary wood of this tree, 
namely, wood parenchyma cells in vertical rows scattered between 
the tracheids, and ray cells. Both are living and filled with starch 
in the sapwood. 

Upon transformation of the sapwood into heartwood, indicated 
by a brownish-red coloring, starch disappears from the ray cells. 
Death and decomposition of the protoplasm are not always asso- 
ciated with this change, however, for these cells, though now in the 
heartwood, possess a thin plasma-membrane, a distinct nucleus and 
a large central vacuole. Such living cells can l^e observed in the 
heartwood to a deptii of 70 annual rings and since the sapwood com- 
prises 21 to 23 rings, MacDougal estimates the age of the ray cells 
to be about 100 years. Long-lived cells in plants are always paren- 
chyma cells in contrast with the highly specialized cells in the brain 
and heart of vertebrates. Long-lived cells of Sequoia no longer 
possess the ability to divide and do not function in callus formation 
and other types of regeneration so common in these trees. 

We have, then, both short-lived and long-lived elements in w^ood. 
To the former belong tracheae, tracheids, and librifonn fibers 
whose lives are measured only in weeks; in the latter class are 
parenchyiua cells which can live for years and decades. Those of 
Sorbus tonninolis remain alive as long as 86 years and those of 
Sequoia as high as a century. 

The heartwood, lying within the trunk and frequently distin- 
guished by a darker coloring and definite contents, is usually dead 
wood, consisting almost exclusively of dead elements and no longer 
taking part in conduction of sap. The surrounding sap-conducting 
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sa})\voocl. too, is composed only parlially of still living cells, for the 
trucheae and tracheids function properly as water tubes only in a 
dead condition. They die early, therefore, while the parenchyma 
here remains alive for a comparatively long time. 

Death of the cells within the body of the tree may come about 
principally in tU'O different ways. They die either because they 
become empty or laden, with waste products of metabolism, with 
resin, gum and phi oba] diene. 

CORTEX 

Cork cells are decidedly short-lived. It is characteristic of them, 
so to speak, that they soon use up their jirotoplasm and other cell 
contents, generally fill with air anti so ])erish. Instead of air, 
other materials may also he deposited in them. phlohaphene. 
resins, tannins, cti\ 

If the cork cells do not develop from the ejiidermis hut deejier in 
the cortex, then all tissues t)utside the dead cork layer are shut off 
from conduction of sap and they die. d'hus the liark is formed, 
consisting solely of dead cells. 

Little is known concerning the age of lenticel cells."'^'' 

have iireviously given considerable data on the longevity of 
wood elements, hut with respect to components of the hast 1 have 
found almost no information. Strashurger"^' says that sieve tubes 
and companion cells in older parts of the trunks ol lindens live lour 
years and longer. The emptied sieve tubes carry air. d'he ))aren- 
ohvma layers in the bast live long, 2.S years, until their existence 
is terminated by cork layers which deprive them ot a su]>|)iy of 
food. Bast parenchyma in Ayistolochki tomentosa lives at least 
28 years. 

it would he a worthy undertaking to suijplemcnt these sparse data 
upon the longevity of the jddoem with similar inft)rmation concern- 
ing the various families of plants. 

In spite of this deiirtli of observations u|kjji the subject, it is clear 
that the death of cortical cells can he attributed primarily to two 
causes: 1. complete disap] )earance of proto])lasm with resultirig 
eni]:>tying of the cell ; 2. drying out of the cells through severing of 
the sap su])ply by means of cork cells. 

STOMATA 

Investigations*'^* upon the stomata of the giant cactus Carnajlca 
gigantca have yielded the sur])rising result that stomata on the trunk 
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attain an ag’e of 100 years, and in spite of tliis age they remain alive 
and open and dose. This is a conspicuous example of unusuahy 
great age in cells belonging to the epidermis. 

ROOTS 

What has been said of the stem applies equally well to the roots 
of woody gymnosperms and dicotyledons which increase similarly 
in thickness. They, too, like the stem, consist of a woody structure 
which increases every year by an annual ring, and of a cortex 
covered by a periderm. It is only the pith that is usually wanting. 

Death of the tissues in the wood and cortex occurs, inutatis niu- 
taudis, as in the stem. The conditions olUaining in the still elongat- 
ing and very young parts of the root merit particular consideration, 
however. At its apex the root is covered by the so-called root-cap. 
This consists of parenchyma cells rich in saj) which by a j^artial 
mucilaginous conversion of their walls spontaneously separate from 
one another into the layer bordering on the surrounding medium. 
The cells, thus disconnected from the plant itself, soon die. Here, 
then, it is neither the using-up nor the removal of the protoplasm 
which leads to death but merely a separating from the mother plant. 

iV very short distance back of the root tip arise the unicellular 
root-hairs, so essential for nutrition, which are in the closest con- 
tact with soil particles, cemented together with them, so to speak. 
They live only a short time, a few weeks, and are constantly re- 
placed by new ones belrind the root-tip. According to Schwarz, 
the root-hairs of maize remain fresh for a distance of 20 cm. from 
the root-tip, while on the more slender roots, the root-hairs die only 
a short distance from the tip. 

Root-hairs arc very sensitive to external conditions, especially to- 
ward desiccation, heaving out of the ground, trans|;)lanting and to- 
ward chemical changes in the substratum. Their death can be con- 
ditioned by these factors or by the ejhdcniiis being removed and 
rejdaced by the outer endodcrniis or by subepidennal cork. Re- 
moval of the epidermis also results in death of the root-hairs. 

LEAVES 

It has already been mentioned tiiat the longevity of deciduous 
leaves is relatively short, whether they belong to plants which live 
only a few years or for thousands of years. Very often the leaf 
dies at the end of the first vegetative period, atid not infrequently 
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.^til! earlier. It lias also been discussed in detail how. as a result ot 
ti^aiispiratiou, disturbances nuist come alnnit from incrustation ot 
the leaf cells with mineral substances which, if continued sufficiently 
long, eventually leads to death. 

Associated with this is the yellowing of foliage wliicli ajipcars in 
the woods in such magnificent tones of color shortly before the 
autumn leaf fall and which may lie regarded as a symptom of 
senescence and of ajijwoaching death. I liavc already lirielly con- 
sidered this elsewhere''^*- with the following comment: “Ibider nor- 
mal conditions, yellowing sets in only at a particular age of the leaf. 
Differences in age of a few days can he a factor in the initiation of 
yellowing. Yellowing of the foliage usually develops on any branch 
ill an acropctal se(iucncc with conversion first of the lowermost 
leaves followed liy the intermediate ones and fmally by those at the 
end of the twig, the youngest. Yhough the leaves make tluhr a]!- 
pearance on a twig one after another in spring witliin two to three 
weeks’ time, differing thus only by slight differences in longevity, 
the rellowing develops in manv cases strictU' according to their 
.sequence of appearance. 

“Trees wliich for whatsoex’cr reason hurst forth in s]>ring a few 
days sooner than others of the same species, likewise show yellow- 
ing a few days earlier, \hgorous branches which are iienl down 
before sjn'outing and which, consecjucntly, acf|uirc foliage later 
than the rest of the tree, retain their leaves in a green condition 
longer because they are younger. Tree's which shed their foliage 
early ljecau.se of summer dryness and then acciuirc new foliage in 
late summer, remain green until late in autumn, 1'hough these 
voung leaves are exposed to conditions which favor yellowing, they 
do not change and not infrecjtientl}- are they destroyed by severe 
autumn frosts while yet green. All this indicates clearly that at 
least under normal conditions the initiation of yellowing is generally 
associated with a particular age of the leaf. Yellowing, therefore, 
is an indication of senescence.'’ 

In referring to niy^ earlier contribution in connection w'ith tlie 
microscopic changes which take place during yellowing, i want to 
call attention to one particularly important change that finally pre- 
vents the leaf from functioning normally. I refer to the disappear- 
ance of cliromatophores and of iirotein from the leaf. As soon as the 
yellowing process begins to set iti, the green pigment disappears 
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more or less rapidly, the chlorophyll grains become disorganized 
and are replaced by yellow oily drops; in many cases, the proto- 
plasmic basis of the grains disappears completely so that the leaf 
becomes very poor in protein. This is convincingly shown by the 
method which I have introduced to show the protein of entire 
organs. Tliough the completely yellowed leaf possesses no chlo- 
rophyll and often also no chromatophores, it still consists of living 
cells with protoplasm and nuclei. Such a leaf, however, is no 
longer able to serve in its natural capacity of assimilating carbonic 
acid ; and because its principal function is destroyed, it is soon dis- 
carded. Though completely yellowed it falls while still alive and 
only after being cast off and dried out or rotted on the ground does 
it actually die. 

FLOWERS 

As has already been shown in detail, flowers are relatively short- 
lived. They tall after fertilization, or, more acenrately ex])ressed. 
certain parts, the corolla, calyx and stamens fall. When such organs 
are discarded they are usually not dead liut still comparatively fresh. 
They can also fall in a withered condition and in certain cases this 
withering can occur shortly after fertilization, probably as a result 
of water removal through neighboring parts of the plant. Here, 
too, it appears that organs which have fulfilled their purpose and 
no longer are needed, are discarded in spite of their still being alive. 
Pliysiological interest attaches to the manner in which many 
ephemeral flowers die, for example, those of Tradcscxuitia znrgiiuca. 
The flowers o|.)eii early in the morning and by afternoon of the 
same day the violet petals begin to curl up into a juicy mass and 
the protoplasts become pervious to the violet cell sap and die. It is 
not known at present what causes this premature death of the 
petals or what causes the plasma membrane to become pervious to 
the dissolved anthocyanin pigments. 

POLLEN 

The. longevity of pollen-^^ has been studied under various 
conditions for 50 different angiosperms. Air-dry preservation' 
has been found the most suitable in this work. The pollen of 
Typha has been found to he the longest-lived, retaining its germi- 
nating capacity after 158 days to the extent of 567c. After 336 
days the ability to germinate had not entirely disappeared. 
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ISOLATED CELLS 

The life of the cell can be cnuspiciiousl>' curtailed by removal 
from its tissue, with subscHpient cultivation. Haberliindt-"*'^ was 
the first to attempt such isolation of cells from organs, c.tj., fnan 
leaves, and then to preserve them in a living condition. Several 
investigators followed him, Bobiliot'f-Preisser, Thielmanu,'*^ Wink- 
ler, and Kiister,-^*' without any of them having succeeded in keeping 
cells alive long which had been separated from one another, to say 
nothing of bringing about active gianvtb in' even formation of an 
organ. 

Thielmann and Berzin-'^’ investigated changes in the osmotic 
value of cultivated cells and determined the longevity of isolated 
cells in various nutrient solvitions. The ex))erimcnts were ]K‘r- 
formed with thin sections which consisted more or less of meso]>hyll 
cells in addition to the epidermal and guard cells, or they contained 
mesophvll cells exclusively. The longevity of mesojdiyll cells from 
monocotyledons amounted to 11 to 12 days at 16° to 17° C. in water 
and in the case of dicotyledons, to 7 to 2d davs. (luard cells lived 
longer under similar conditions, about 19 to 42 days. The lon- 
gevity of mesophvll cells was dependent, aside from external con- 
ditions, U])on the presence of the e})idcrmis and of “nerve paren- 
chyma'' ;* the closer the anatomic nature of the culti\'ated sections 
approached that of the normal leaf, the longer did the mesophvll 
ceils live. 

Guard cells possess a greater longevity than other cells in the kxvf, 
approximately IK-SO days. But even this period is relatively sliort 
in com])arisou with that of the entire leaf and from this it is ap- 
parent that isolated hits of tissue as well as isolated cells are shorter- 
lived than the leaf itself. 

SUMMARY 

In sumntarizing our oi)servations on the age of tissue cells, we 
can say in conclusion that tissue cells can attain different ages 
according to the organ and the tissue of wiiich they arc a part, and 
gicccu'ding as they belong t(.) plants which live for one, many, hun- 
dreds or thousands of year.s. They can last fm‘ <la}',s, months, 

* “Nervt* parenchyma,” according to Schneider’s ‘fillustricrtes W drier- 
buch der Botanik,” applies to the chlorophyli-Iess cells, rich in protopia.sni 
and possessing large nuclei, which accoinjiany the end tracheids in the vein 
endings of broad leaves. -'T. H. V. 
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or many years, iDut in comparison with the great age of man);, 
species of trees, the longevity of their component cells is rela- 
tively short. The oldest living cells yet found are the parenchyma 
and ray cells of wood, attaining a maximum age of about 80 years; 
while those in the cortex and ]:)ith of certain cacti can live for a 
century and more. 

In a thousand-year-old linden or in a sequoia of several thousand 
years the oldest living cells, at best, arc not much over 100 years of 
age. Their functions are not necessarily concluded at their death, 
for the dead cells of the wood provide' the rigidity of the trunk and 
thereby render the tree an important service. 



CHAPTER IV 


THE .MEANS OF PRO[X)N(ilXG TH1<: TJl'l'. 

OF iT.AX'l'S 

It is not clifFeult to understand that man, who ahnie among all 
living organisms knows that he must die, should have early at- 
tempted to hnd some means by which Iiis life might he prolonged. 
To most of us death appears as something horrible, Uf many as 
something to be feared, and because of this it is not snr])rising that 
since time immemorial man has sought various means of rejuvena- 
tion and of postponing senility. The mystical drink of immor- 
tality among tlie Cliinesc, the cliKir of noted magicians and physi- 
cians, the macrobiotics of H.ufeland“'^‘ hHinded upon common and 
medical experiences, the claims of MctsclmikolT-^" established u]x>n 
biological facts, and the rejuvenation ex])eriments of Steinach and 
\' oronofi may he only mentioned here as illustrations. The prob- 
lem of jwolonging man’s life has thus already been considered in 
its practical aspects and in recent times has been exposed to ani- 
mated discussion in scientiiic writings and daily newsi)a]K‘rs. 

It is surprising, however, that tlie matter of prolonging life among 
plants has not lu^en exteiisix'd}’ coiisidered. In the larger u'orks 
upon plant physiology this prol)lenn so very significant from a gen- 
eral biological vie\v])oint, has occii]ned conspicuouslv little s])ace, 
though many studies have alread\‘ been made u))on the subject. 
It appears to me worthwhile, in view of this state of affairs, to t)re- 
sent this interesting problem in a separate chapter, on the basis of 
previously known facts and my own olisernations, an<l thus render 
a pos.sibic service to the field of general biologv. There arc, as a 
matter of fact, various devices l)y which the longevity of plants may 
be prolonged, ^^'e sliall examine them and in so doing T shall rely 
for the most part upon a summary of tiie work of others as well as 
upon my own which already embraces a number of years. 

1. EXCLUSION OF ALL ADVERSITIES 

Whenever reference is made to the prolongation of life among 
plants, two difiereiU ideas may be imolvcd, cither the greatest pos- 
sible postponement of death within a normal life-span, or a pro- 
longation of life beyond its normal period. 
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The first case is ot little interest, for it is self-evident that by' 
preservation of a healthy condition through careful avoidance of 
injury, a plant may be kept alive until its natural end. Adversi- 
ties which tend to curtail a plant's existence are abundant, and I 
need refer, among many others, only to lack of nutrition, light, 
water and pure air, and to the countless parasites within both the 
plant and animal world; there are also extreme heat and cold, 
lightning, hurricanes and floods. All these factors can shorten 
tlie period of longevity, and by avoiding them life can be extended. 
In this sense we ma}" speak of tiie macrobiotics of plants just as 
we have done with respect to man since the time of Hufeland. 

In addition to this art of maintaining plants in a healthy condi- 
tion during their normal span of life and up to their natural death, 
we are interested also in extending their lives beyond the normal 
period, for this gives us a deeper insight into various phenomena 
of plant life, especiall}^ into tlie nature of old age and its associated 
decadence. 

2. TEMPORARY REMOVAL OF THE INDISPENSABLE 
CONDITIONS OF LIFE 

Active life takes place only when certain external conditions are 
fulfilled, namely, when there is provision of oxygen, of a particular 
temperature, and of a supply of nutriment. If one of these requi- 
sites be lacking, active life ceases, and if the plant is capable of 
enduring this al)normal condition for any protracted period it enters 
a state of apparent death. A dried-out kernel of corn, for instance, 
exhibits neither growth, assimilation nor any other type of activity, 
and shows no indication of being alive. If it is placed in moist 
earth, however, and is in a position to absorl^j water under favorable 
conditions of temperature, it germinates and continues to grow, 
and the resulting plant flowers, fruits and dies the same year, 
^^'ere the kernel to l)e deprived of water for a longer period, perhaps 
for several years, the life of the inclosed embryo would thereby be 
prolonged a corresponding number of years. Viability of tlie seed 
I)ersists for only a certain length of time, however. The germinat- 
ing capacity of seeds of barley, oats and wheat preserved for ter 
years in a dry condition amounts to from 70% to 90 7e, and the 
seeds of the sensitive plant, Mimosa pudka, are still capable of 
germination after 60 years. Under normal conditions the corn 
embryo placed in moist soil immediately begins to germinate and 
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in tlie same year completes its development and dies as a hilly ma- 
tured plant. Prevention of germination through removal of water, 
on the other hand, can postpone the development for years and can 
considerably prolong the latent life of tlic embryo. So we see that 
life can be almost completely arrested and again resumed after some 
time bv provision of necessarv conditions, just as a clock can be 
stopped by checking the pendulum witlumt permanent injury 
the time-piece. 

The same situation prevails witli respect to many liacleria. fungal 
spores, mosses, bulbs, bulliils and root-stocks. They can all endure 
desiccation for months, often years, and then under suitable c<mdi- 
tions can recover from their dormancy and complete their life cycle. 
Also, according to Xestlcr’s investigations,'^’'' there are some spore- 
forming Iiacteria. Bacillus vuhjafus, B. uiycoidcs and B. subiilis, 
which can withstand drving-ont for decades and can he kc])t alive 
for at least 92 years. 

Development can he post])One(l, morever, not only by removal 
of water hut as well by the exclusion of other l)asic conditions such 
as favorable tempcrahire and a supply of oxygen and food material. 
If a small tree of elder, for exain])lc. is jilaced in an ice cellar after 
leaf-fall in autumn and kept there for an entire year at a tempera- 
ture slightly al)nve the freezing point, sinamtiiig is hindered and 
vegetative growth artiiiciaiiy held hack. Tlte longevity of the 
flower primordia inclosed within the buds, which undcu’ normal 
conditions would develo]) in spring and he discarded after flower- 
ing in separate parts as corolla and stamens, is thus itrolouged until 
such time at which sprouting is encouragecl by transferring tlie 
plant to a favorable temperature. 

In all these eases there is involved an interpolation of a ])erio(l id 
latent life within the developmental cycle nf the ])Iant, wliercby the 
life of the plant itself or of some part is extended. 

3. PREVENTION OF FLOWERING AND FRUITING 

There is frequently cultivated in our conservatories a certain 
^lant which has received the name of “the hundred-year .Xloe,” 
fans name is without justification, however, for the ])lant is not an 
-Aloe; it is properly known as Agave aiuericaua and, moreover, it 
usually does not live for a hundred years. In its nati\^e habitat in 
Mexico it is of economic importance, for it exudes a considerable 
quantity of sweet water from the wound created by cutting out the 
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entire young inflorescence;'"'"’' upon fermentation this exudate fur- 
nishes ‘Pulque/ the national drink of the Mexicans. In Mexico 
the plant flowers, fruits and then dies after eight to ten years^ 
growth, Tn an unfavorable climate, however, such as prevails along 
the Italian and French Rivieras or on the Dalmatian coast, where 
the plant has become acclimatized, or in our more northern con- 
servatories, it requires, according to the total amount of light and 
warmth which it can receive, 20, 40, 50 and even 100 years before 
it is prepared to develop its large inflorescence and mass of fruit 
and then to die. This undoubtedly accounts for its being called the 
‘century plant.’ Thus we see that postponement of flowering 
through climatic factors considerably prolongs the life of these 
l)lants. 

It is well known, furthermore, that there are certain plants which 
flower and fruit only once during their lives and then conclude their 
cycles, vie: chick weed, Slellaria media; speedwell, Veronica hederi- 
folia: and mercury, Mcrcurialis atinua. There are also others 
which produce fruit twice, occasionally, or frequently before they 
perish, as is true of most woody species. Hildebrand”^*'^ desig- 
nated the former as monocarpic, the latter as polycarpic. Among 
monocar])ic forms, including Agave, complete exhaustion of the 
plant occurs subsequent to flower and fruit formation. During 
the period previous to flowering in tlie Agave there is a constant 
production of food by the huge leaves which, as soon as the plant 
reaches its idtimalc size, is stored as reserve material for the future 
large inflorescence. Before the necessary quantity is accumulated 
the plant does not flower. In its native home tliis goal is attained 
relatively early, in eight to ten years, but in our conservatories not 
until many years later, for under the unfavorable climatic condi- 
tions which obtain under such circumstances, assimilation proceeds 
much more slowly and the necessary amount of material reciuisite 
for flower and fruit formation can be accumulated only during a 
much longer period of time. Prolongation of life in this plant is 
thus associated with postponement of flowering, for the termina- 
tion of life is hound up with fruit productioti and with the assc- 
ciated complete exhaustion of the vegetative organs. All tho.,,e 
factors which tend to protract flowering contribute also toward 
extending the life of the Agave. 

DofleiiP'"’'' applies the name “metabolic-death” (Stoffwechseltod) 
to the perishing of Agave or Corypha subsequent to flowering and 
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fruit production. I do not regiird this dcsiij^nation as appropriate, 
liowever, for it does not express the true nature of the matter. 
Metaltolism occ\irs in every active livinj^ cell, in the yonnj>' cells as 
well as the old, and such inctaltolic processes certainly take place 
in a flowering c)r Coryf>Jia. They are pnx'esses which are 

tied up with tite gradual death of the plant, for all tiie reserve 
materials which these plants store up in the course of years tire 
mobilized within a short time for flowering and fruiting pur]>oses; 
all of which results in marked increase in inetaholism. The essen- 
tial feature of this kind of death is complete exhaustion of the 
stored material, fur the reproductive organs and the developing 
flowers and fruit. s draw upon the valuable food materials to such 
an extent that nothing remains for the other organs, and they 
perish. Therefore, it is more fitting to a])ply to this state of affairs 
and type of death the term ‘exhaustion-death' ( Erschdi^fungstod) . 
The yellowing leaf of autumn, too, dies finally from exhau.slion 
because the chloroplasts lose their jM'oteins, disorganize and thereby 
are de])rived of their natural function of assimilation.-'' ‘ 

In his interesting treatise on the “hunger-death" of man and 
amimals, too, arrives at the viewpoint that when planarian 

flat-worms are retluced by hunger to about 1/300 tlK'ir original 
size, finally .succumbing to hunger-death, or when f resh- water 
|)oh'ps {Hydra) show only 1/200 the \a)lume of fresli specimens 
as the result of withdrawal of food, exhaustion is to he regarded 
as tlic cause of death. Among mammals, according to 1 Titter, 
hunger-death is attributable to the injurious effects of metabolic 
products which are neither rendered ineifective nor excreted. A 
sort of autotoxication thus develo])s which I assume takes ])1ace 
also in jflants. It would he worthwhile to make hunger investiga- 
tions upon plants and to investigate the accom])anying mor])holog- 
ical, idivsiologicah hi.stological and chemical relationslups, concern- 
ing which very little is known at present. 

Doflein has called attention also to the ])henomenon of sudden 
death (Shocktod) as a special kind. The drone of tlic honey hec 
Js subject to such a fate, for it dies almost immediately ui)on copu- 
vS^ion, The same situation is true of ants, according to Dollein. 
Among plants, however, such sudden death is unknown, for there 
is always a certain period of time between the consummation of 
reproductive ])rocesses and the death of the organism. 
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Let US consider the commonly cultivated Reseda odorata of our 
gardens which concludes its developmental cycle under ])revailing 
conditions within one vegetative period. 
If the seeds are sown in spring, the plant 
flowers and fruits during summer and 
dies in the fall. If we suppress its flower 
formation, however, we are enabled to 
maintain the plant as a small crown-hear- 
ing tree for two or three years. In order 
to achieve this effect all flower primordia 
and lateral shoots are removed from the 
young seedling immediately upon their 
appearance. As a result, the main stem 
becomes longer than ordinarily and can 
Ire made to grow one half to two meters 
tall ; as soon as it has attained the desired 
height, the terminal shoot is removed, and 
the lateral shoots but not the blossoms are 
permitted to develop. By repetition of 
this procedure a much -branched crown 
can be acquired. It is entirely U]) to the 
experimenter whether or not tlie plant 
shall flower; if he suppresses flower for- 
Fkv. 16 . Reseda odo- mation bv repeated removal of anv buds 
rala. Extension of Ion- ^ Orflinarilv 

gevity through proven- , A ! i i , <■ 

tion of flowering. Three- plant can be extended foi several 

year-old plant cultivated y^^ars. By this practice, which I have 
as a small tree. Original, often pursued myself, the stem grows 
considerably in thickness and becomes 
woody, thus best serving its purpose of providing water and 
nutrient salts to the crown. 

In order to secure a fine lawn in the course of several years 
without repeated sowing of seed, the turf is frequently mowed 
during the year. In this way, the grass, particularly rye, is pre- 
vented from flowering Init induced to produce new lateral shoot- 
which again are sheared to prevent their blossoming. By repetiticiti 
of this practice a vegetative growth of the turf is secured over a 
period of many years. In a similar manner the life of Draba vema, 
Veronica orvensis, Petnyiia and Lobelia erinns can be prolonged. 
Because of its abundantly produced blue flowers, this species of 
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Lobelia is a favorite bedding plant. If the variety known as 
'Kaiser Wilhelm' is seeded in Jaiiiuny, plucked in ^larch and 
transplanted in the open, it blooms from June to July and then 
turns yellow and dies. If it is clipped before the first flowers, liow' 
ever, it produces new shoots, and if these arc again slieared before 
they flower, such plants may be ke]>t flowering until autumn, and 
certain sv>ecies may be kept alive over winter. Letunui behaves 
likewise, in my ex))erienee, and I have no doubt that other annuals 
can be transformed by suppression of flower formation thnmgh 
cutting and corresponding cultivation to i)lants of two years’ 
longevity and longer. 



Fic. 17. Lobelia criuns. Kxtt'nsion of lonK^'vity tliroii^h pnA’i'iitioii of 
flttwc'ring. The plant on the left died in August after hlossntniiig ; the one 
on tlie right was twite trimmed shfirt during stunmer, in order to prevent 
flowering, and was still alive in December, 

In ai^old but very informative work I)y Keicbart,’^’’" I find tlie 
folUuving account in the part dealing with the \denna walhflowcr. 
"Tf by always removing the buds we prevent flowering in the sec- 
ond year of a stock which by nature is not inclined to itrodtice. 

- Aitcral shoots, leaf-bearing lateral l)ranclies will then arise at tii<‘ 
•a]yfx. It we permit only the most vigorous of these to remain 
and remove any blossoms which it may be inclined to produce, 
then by thus allowing only the most vigorous shoot at the apex to 
develop we can produce fjuite a tree. If we wish such a plant to 
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flower ill the third year or even later we do not disturb later lateral 
shoots which then give rise to fine flower clusters.” 

Finally, there is a group of plants which ordinarily conclude their 
development within one vegetative period and then perish. If wc 
sow their seed in autumn, however, and allow them to over-winter, 
they do not flower until the succeeding year and in this way become 
so-called biennials. Matfhiola, Cinernria crueuta, species of Calce- 
olaria and others are in this class. 

Thus we note that in all these cases death is deferred and life 
thereby extended through a retarding of flower formation. 

4. PREVENTION OF POLLINATION AND FERTILIZATION 

In the foregoing we have been constantly concerned with life 
extension of the individual as a whole, but it can readily be demon- 
strated that the longevity of single organs can also l)e curtailed or 
extended. 

Upon fertilization certain changes occur within the flower which 
ultimately lead to fruit production; the egg-cell develo|>s into the 
embryo, the ovules into seeds and the enlarging wall of the ovary 
into the pericarp. Perianth segments and stamens are discarded as 
soon as the flower has attained a particular age, and in certain plants 
this happens very suddenly, sometimes surprisingly soon after pol- 
lination or fertilization. Longevity of the flower can thus be very 
variable, either shortened through ];ollination or prolonged by 
postponement of it. 

This influence is frequently noted in certain orchids, d'he flow- 
ers of Cattleya, for instance, wither within a day after pollination 
and then dry up, and it is particularly striking among those whose 
blossoms enjoy considerable longevity. While unpnllinated flowers 
remain fresh for one or two months, those that are pollinated 
wither in one or two days. Fitting^''' found some other very in- 
structive case.s in this respect. Receptive flowers of Gerauiuui 
pyrcfiaicHin,, for example, shed their petals as the result of pollina- 
lion within the amazingly brief period of about one to one and a 
lialf hours, and those of Erodiian Mancscaid after only 40 to 60 
minutes. Fitting saw the flowers of Borago fall two and a half 
seven hours after pollination. 

On the other hand, the longevity of many organs, as the ovary, 
ovules and peduncle, can he extended as a result of fertilization, 
for when the flower is not pollinated and fertilized the entire 
blossom falls. 
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5. EXTENDED PERIOD OF FUNCTIONING 

It is possiijle in many cases to extend the fnnclioning |xn-iod of 
an organ beyond its customary s]ian of time and thus ])rolong its 
life. The leaf of Begonia Re.v, for examjde, ordinarily does not 
liecome more than one year old in our greenlionses, l)iir I liave 
often succeeded in keeping the petiole alive for two or three years 
in the following manner. A fully develojK'd leaf with a ]ietiole is 



inserted with the huso of the stalk in moist sand and left there nnlil 
it has formed roots. The rooted leaf is then transferred to a 
power pot and further cared for with tlte, i)etiole supported l)y a 
stake. Shoots arise from tlie Idade after some time and one 
oAtlicni, preferaldy one breaking out in the neigbhorhcjtjd of the 
junction betn-een blade and petiole and representing, as it were, a 
continuation of tlie petiole, is selected for furtlier develojmient, 
while the others are removed. Under these conditions the stalk of 
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the mother-leaf assumes the role of the stem (Fig. 18) . The young 
shoot draws up water and nutrient salts which must pass through 
the petiole, thereby nourishing the latter and maintaining it in a 
functioning condition. It remains alive much longer, consequently, 
than it would if it functioned merely as a leaf-supporting struc- 
ture. Kny,^''^ too. converted the petiole of an isolated leaf from 
the same species into the bearer of a leafy individual, and discov- 
ered, moreover, that the \^ascular bundle of the petiole increased 
considerably in circumference as compared with that of a normal 
petiole, 

Winkler'*® secured similar results with the scrophulariaceous 
Torenia asiatica. W'hen the leaves of this favorite conservatory 
plant are inserted by their petioles in moist sand and have rooted, 
they soon form se^’eral or even many shoots which can arise at 
the base of the petiole, on the petiole itself, or on any part of the 
blade. If all the sprouts except a single one on the lamina are re- 
moved, the petiole is readily converted into a part of the branching 
system to such a degree that it serves as the axis of tlm shoot. By 
suitable technique, Wbnklcr was able to produce thickly foliated 
specimens 30 to 40 cm. tall upon the leaf. One individual bore 36 
well de\clo])cd i:)airs of leaves on the main and lateral axes as well 
as flowers, many of which produced fruits with numerous vialile 


seeds. 

This interesting culture of a relatively large plant with flowers 



Fig. 19. /Uicuba japonica. Rooted 
leaf-cutting. Original. 


and fruits upon a petiole as a 
liasc leads to two important 
deductions, first, that the peti- 
ole, in continuing to function 
for a long time, experiences a 
most significant anatomical 
transformation by becoming a 
stem, and secondly, that its 
longevity is extended consid- 
erably beyond the normal, 
Winkler regarded the aug- 
mented water-conducting cA 
pacity of the vessels as tne 
basis of increased camhial ac- 
tivity and abnormal longevity 
of the neighboring cells. 
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Wo, have now c<Misiclcre(l two examples \n which leaves are 
capable ot developing shoots trom their blades. Such cases are 
rather rare. It often happen.s, however, that leaves produce roots 
but not shoots. Those of llcdcra Helix, Hucubii (hhg. 19). Couwl- 
lia, Piper and others (.levelop a strong r(K)t-system and. becatise ihev 
continue to assimilate hut do nut entirely use the assimilates, 
they liecome unusually thick and older than they would in their 
natural position as part of the mother-stock. I’otato leaves which 
Knight planted in pots umler glass during July and .August formt'd 
tubers and lived until winter. Aler was able to keep leaf cuttings 
ivy alive four to live years and Carriere cultivated a leaf of 
Hoja cantosa for seven years.-'"' 

l)e Ah'ies-'’*^ records an interesting case of ])roUmged longevity 
ill a pedicel of Pi'Iargoniion ::oi\alc which developed a leaf luid at 
its apex and. though otherwise amiual liv tiature. it was thus en- 
abled to live on fur years and to accpiire considerable girth, 
loward this en<I dc \h'ies severed the stem directlv above the m- 
sertioii of the petlicel and was alile to keep it alive fur three years, 
three times as long as it would have lived under normal cundi- 
tons. During this prokmged jicriod of lunge vitv the jiedicel heeame 
much thicker and siirronnded with corl<. and it underwent other 
anatomical changes which enabled it to play the role of a stem. 

The same author noted also that galls, which occur on inflores- 
cences and leaves, increase the life activity and thickness of these 
organs through the nutritional stream which tla^v recpiire for their 
development and upon which they draw from adjoining tissues. 
The male catkins of the English oak, for instance, fall shortlv after 
flowering, but if they liear galls of speeie.s of rl iidricHs they 
remain alive much longer. 

Green deformities frequently occur on the male catkins of wil- 
low {Salix olbo) as tlie result of punctures by plant lice and mites. 
Such green catkins often grow ten centimeters long, bearing very 
pubescent leaves, and the axes, which become verv woody, du not 
tall, 

,* The a.xe.s of male inflorescences on many plants, furthermore, re- 
nVtin alive longer than normally it thev' hap|)en to ])ear an tjcca- 
siital pistillate flower which becomes fertilized: in fact, as long as 
the female inflorescences, while the axes of normal male inflores- 
cences die off immediately after pollination. This is the case in 
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Carcx, hops, nettle, maize and other plants. Tlicir longevity docs 
not extend beyond one summer, howe^^er. 

MISCELLANY 

We can often observe an extension of life in the cells yellow- 
ing or yellowed leaves which are infested by certain insects or fungi, 
and for interesting notes concerning this topic we are indebted to 
Richter^^''^ and certain other investigators, as Cornu, Kochs, Cavara, 
Tuheuf and Kiister. When autumnal yellowing of the foliage of 
Acer Pseudoplatanus sets in and the yellowed leaves are cast from 
the twigs, there remain in them green islands which are bordered by 
perforations and sharply distinguished from the chlorotic surround- 
ings. Every one of these green islands contains a tiny green worm 
and a deposit of its excreta. The epidermis on the lower surface 
api)ears detached and forms a membrane over tlie entrance to the 
cavity. Tn freshly fallen leaves the green chlorophyll-bearing pa- 
renchyma fills the entire cavity up to the ring-like area where the 
insect is eating. The grub then eats away the green parenchyma 
in a circular fasidon progressively inward from the circular border 
of the cavity. 

We can see such green islands also in yellowed maple leaves 



Fio. 20. Acer platanoldcs. Yellowed leaf with green (dark in the picture) 
spots infested with a fungus. Original. 
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when they are infe.^tcd hy the fungus PIiy!hic('n}ia <juftala. 'I'he 
tisstie remains green only in those spots where the fungus has 
abundantly penetrated, while tite fungus-free surroundings ixTanne 
chlorotic. I have often noted tins on leaves . leer platauoidrs in 
the neighborhood of \denna (Fig. 20). 

According to Werner, the grubs which live in nupde leaves are 
a form of LithocoUctis. On the vellowed leaves of ]H)])lar and oak 
Richter also found green areas surrouncling cavity entrances, the 
persistent green color of which was attributable to the excrement 

a nepticiilid. According to Richter, yellowing does not develop 
1 % these spots because the decom])ositioii ])roducts of the chloro- 
idiyll can not be removed since the translocation stream is inter- 
rupted. Wherever the translocatic^n stream is uninjured, this 
author claims, there is an excretion of certain materials throngii 
the animal or, in the case of fungal sjtots, through the fungus. 

Stahl-'^'^ has shown that when leaves which are about turn yel- 
low are cracked or parth’ cut through, they remain green longer 
above the crack or incision than in j)arts below the injuries. Par- 
ticular interest attaches to those experiments in wltich he shows 
that circular green areas stamped out of leaves on the verge of t\U‘n- 
ing yellow, long remain green, \vhiie yellowing ap])ears in other 
parts of the blade. 

All these investigations show that in those regions where chloro- 
phyll is retained longer l)ceause of interru])tefl condnctioti of de- 
composition and assimilation j)rodnets, there is an aceuniulaiion ol 
these products which induces ])etter nourishment of the cells and 
resultant life cxtensicju. 

Carara reports, furthermore, that the leaves of Oaeer/LV ais- 
tancaefolia in the botanical garden at Xa[)les which were punctured 
by a plant louse not only remained iianging on tile twigs for a long 
time but also retained tlieir green color, as contrasted with unin- 
jured leaves which turned yellowish or hrownisli-yellow much 
earlier.^''^ 

Kuster*'"' makes the following observation of an interesting ca.se 
ill which the cells of hcech leaves were rendered longer-lived hy a 
^l-producing insect: "Tho.se loaves which are infested witli Oligo- 
fr(\hiis animlipfs . . . long remain green at points ahtwe the galls, 
while other iiarts soon become yellow or brown and shed their 
leaves. The gulls act as a sto]ipage in the conducting elements and 
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Fig. 21. PiiUadcif^hus yrandij^onts. The circular area stamped out of a 
.^reen leaf about to turn yellow remains green while the other parts change 
color. From Stahl. 

their effect is similar to the incisions which Stahl made in the veins 
of his material when regions of the blade above the cut remained 
green while other parts turned yellow. The boundaries between 
the yellow and green iiortions of the blade are no less sharp in the 
beech leaves infested with Oligotrol^Jius than in the Ginkgo leaves 
operated upon by Stahl.” 

In the same article Kiister makes mention also of cases in whi'''¥i 
certain parts of the leaves remain green abnormally long with' Ait 
any blocking of the bundles being visible to the naked eye. This 
is c.Keniplificd by the yellowing leaves which one. sees here and 
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there on walnut trees. When hearing of {iriol^fiycs trisluius 
var. crinca they remain green and continue so after leaf-fall. 

I have often observed move or less numerous circular or elliji- 
soidal flecks of deep green with a whitish center on the yellow 
rinds of lemon.s which come into tlie markets of \henna. d'he 
white spot represents a scale insect which influences the neighhoring 
cells in such a manner that tlic 
tissue of the rind encompassing 
tlio puncture remains green. I 
xiare not say witiiout special in- 
qKiry into the matter whether 
the longer retention of chloro- 
plasts is caused Ity \vound hor- 
iiiotics of tlic injured cells, hv 
secretions of the insect, or hy 
more abundant supidy of nutri- 
ents to the wounded area.'"''*' 

It has alrea<.ly been noted that 
green spots can he caused hy 
fungi iri yellowed ma])le leaves. 

CornU"*'* has cited several (Ex- 
amples of this and remarks that 
maple leaves are frequently in- 
fested on their lower surface 
hy Erysilfhe ijuttaia, and tliat in 
autumn w'hen the leaves turn 
yellow and fall, the areas in- 
fested hy the fungus, even on faiU'n leaves, remain green for sev- 
eral weeks. 

Conin made similar observations on the leaves of hircli, a])j)le 
and mountain ash where the green flecks \\'ere occasioned l)y Ck}do- 
sporiiau dcudrithuin ; al.so in ca]>bage and tlie where Cyst opus 
candidtis and Peronospora vitlcoki were the caus,ati\-e agents, re- 
spectively. In all these ca.ses the fungus so affects the surrounding 
tissue, though it is a parasite, that the cells retain their cblorojdasts 
general activity. This effect strongly recalls the influence of 
ba\:eria and of hyphomycetes upon Ijacteria, as is displayed In- the 
following ol)scrvation.s of my own.^'^^ “A plate of nutrient gelatine 
tvith a great many thickly clustered colonies of Bacterium phos- 



]"!<;, 22. ri()e, yellow letjuiti 
witli ( dark in the picture ► 

flecks caused hy juinctures of scale 
insects. (Original. 
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phoreiiui glows markedly during the first days and then because of 
lack of nutrition tlic culture begins to diminish in phosphorescence. 
If the culture is then exposed for a few moments so that it becomes 
contaminated from the air, small isolated colonies of Pcnidllhiui, 
AspcrgiUtis and various liacteria usually develop the following days. 
Observed in the dark, almost every colony together with its im- 
mediate surroundings appears as an intensive light field against a 
dark background. PcuicilluDn and the other mentioned fungi pep- 
tonize the gelatin and thereby alter the substratum so that the 
requisite nourisliment for light production is present which, enter-, 
ing the liacteria, makes such production tiossible. Areas of light 
arc frequently followed by regions of growth. So, not only are 
fission fungi and yeasts able to influence the luminescence of light 
bacteria, but the liighcr fungi can do so also by creating suitable 
conditions for luminescence through certain alterations in the sub- 
stratum,” Similarly, the fungi can influence the tissues which sur- 
round them in the green islands of yxdlowcd leaves, either by 
supplying the neighboring cells of the host with certain secretions 
or by obstructing removal of assimilates and rendering the latter, 
so far as they are not utilized by the fungus itself, at the disposal 
of the surrounding cells. It is possible also that the fungus serves 
as a focal point of nutrient materials. All these circumstances 
serve to promote life’s energy and longevity. 

It may- lie added, finally, that the death of many plant parts or 
of the entire ]i]ant can be postponed for some time through the fol- 
lowing technique. If certain fruit trees which sometimes shed 
their flowers and fruits prematurely, are girdled, i.e., if the bark is 
removed from the trunk or a brancli in the form of a ring, the 
organic materials manufactured in the leaves are blockaded by the 
girdle w’ound from traveling downward, and since they can not be 
removed any farther they accumulate abo\'e the wound. This ac- 
counts for an unusually favoralile nutrition of the flowers and 
young fruits and prevents their being shed. In tliese cases nutri- 
tion accounts for life extension. 

Grafting, too, can be of influence. When grown from a seedling 
Pistacia vera can attain a maximum age of 150 years, hut when ipi- 
proved by grafting upon P. Terebinihus it may become 200 years 
old; upon P. Leniiscus it lives for only about 40 years. A normal 
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apple tree, Pirns mains, can be 2tK) years tiUl. but when ijvafted 
upon d/ti/ifi' paraPisiaca it lives tor only to 2? years. 

It has also been demonstrated throui:jh the investij^atimis of Lit\- 
demuth'^*'’ that annual shot^ts of herbaceous shrubs and annual 
plants themselves eait be made longer-lived by grafting ui)on woodv 
forms. Uf particular interest in this connection was the experi- 
ment by which he cultivated a shoot of the perennial 
Tlwatpsoni on the herbaceous annual stem ot the nialvaceons d/o- 
diola caroliiiiaiia . The ^Ibuiih}! scion s])routed so vigorously after 
‘.he grafting that it soon came in contact with the glass of the con- 
stTvatory and had to be trimmed re|.'»eatedly. It lived in tliis asso- 
ciation with its stock of Modiofa, ordinarily an annual herb, for 
three years and live niontbs and the longevitv of the annual Modiohi 
was tlius extended al)OUt two and a bait years. It would i)e very 
worthwhile if this cxpcriuient were re])eated a number of times to 
determine whether or not anatomical alterations go hand in hand 
with this extension of life and if it would not be ])Ossihle hy careful 
manipulation to ]:)reserve the annual Modiola as grafting stock still 
longer than in the case cited. 

An autonomic resting period of about three months, from Sep- 
temi)er to December, is peculiar to the winter buds of I fydracharis 
Morsus ranac. a period which heretofore could not be notably ab- 
breviated i)y the customary forcing met1tt)ds, Wisniewski"'’* has 
shown that these buds are able to sprout after their resting i)eriod 
only in light, and Simon'"'^ discovered tliat if tiiey are ke])! in the 
dark they can 1)C maintained in a resting con<lition for years, even 
for four years and ])erl)aps longer, and their lotigevity thereby ]>ro- 
longed. 

With respect to extension of life in cotyledons, T liave made the 
following observations. It we permit a seed of Pftascofas luulii- 
floriis to germinate and coiitimie to cultivate it in light, then the 
cotyledons, which at first are abundantly filled with reserve ma- 
terials in the form of starch and protein, gradualh- Ixx'ome deiileted, 
for the reserve materials arc utilized in the development of the root 
system and of the first leaves. After two to four weeks and ae- 
ccjding to growing conditions, they shrivel eomiiletely and dry up 
ifVn dry soil, or they decay if on moist soil. Under normal con- 
ditions they arc active for a relatively short period, generally only 
about three weeks. The active life of these bean cotyledons can 
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be extended for several months, however, if their depletion of re^ 
serve materials is prevented and if, in addition, provision is made 
tliat they cati assimilate plentiful quantities of carbonic acid. I 
have accomplished this easily by early cutting away the epicotyl at 
its base where it arises Ijclwcen the two cotyledons and by similarly 
removing upon their first ap[)earance tlie shoots which develop in 
the axils of the buds. After this operation the cotyledons soon be- 
gin to turn green in the light and, though the decapitated plant pro- 
duces a strong root system, the cotyledons not only retain their ten- 
sion and high turgidity but wax noticeably larger than they were. 
Van Tieghem^'^ noticed that isolated cotyledons of Hdianthiis an- 
nuns and of otlier plants developed roots and could grow larger 
and turn green. Probably because he did not pursue the experi- 
ment sufficiently long, Ire failed to observe that thus isolated they 
lived much longer. 

The fact that the cotyledons of my plants upon which T operated 
thus grew and remained unshriveled, in spite of their developing a 
strong root system, is to be accounted for, not only l>y their possess- 
ing a large amount of reserve materials, but also by their augment- 
ing this supply of building material through carbonic acid assimila- 
tion. Obviously, more is assimilated in the light than is actually 
represented in the routs. This is ap|.)arent also from the fact that 
the hypocntyl of the decapitated seedlings acquires an amazing 
thickness, two to three times that of the normal organ. 

The decapitated seedling does not know what it sliould begin to 
develop with the accumulated nutrient material and therefore ap- 
pears forced to make repeated attempts to produce new buds from 
the remaining tissue of the axillary buds which have been removed. 
Xew buds develop a few days after these are removed, and this 
regenerative j^rocess can be repeated as often as the adventive buds 
are lifted. The cotyledons themselves can not produce any foliage 
buds. 

While I thus saw to it that the reserve and newly formed ma- 
terials were only slightly removed but always replenished through 
assimilation, the deep-green seed-leaves remained alive for several 
months (4—6), wholly contrary to their customary behavior, and in 
full vegetative activity. 

Under ordinary circumstances the cotyledons become exhausted 
in a relatively short period because they place all their reserve ma- 
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tcrials at the disposal of the growing plant. Tn niy investigations, 
on the other hand, they were nourished bcali ^ossitioitcs hx rt;- 
serve materials and as carbonic acid-assimilating organs in a very 
marked degree and this abundance of food materials kept them alive 
surprisingly long. Ibit. their hour comes too, though later, because 
they are richly tilled with reserve materials, aud they begin to decay 
and (lie, sometimes during the ])rocess of vellowing. 

SinnUir to the behavior in the scarlet runner is that of the cotyle- 
dons in Hclianfhus animus, Riciims connimiiis, Piupts sifvofica, 
finl^atiois parviflora. Mimosa pudica, . ircr sp., Pisuiu safivum and 
Cucurbila Pcpo. In all these there is a move or less considerable 
increase in width and thickness. tre(|uently also an inlen.sive green- 
ing, and hand in hand therewith a conspicuous j)rolonging of their 
lives, which may be from three to seacn times the normal iieriocl (rf 
longevity. In these cases extraordinary nourishment undouhtedly 
is the cause of prolonged life. 

Just as the life of the ])lant nr fd its organs can he extended by 
dehnite ex])eninents. likewise can it he curtailed, .\mong varieties 
of corn we distinguish short-lived summer forms and long-lived 
winter forms. Under natural conditions winter rye lives ahoni 
ten months, sunimer rve only four months. Tf we seed out the 
winter rye in spring, contrary to custom, it does not flower until 
autumn. It completes its growth up to fruit formation also in 
spring seeding, however, if its “cokl re([uireinent'' is taken into 
consideration by exposing the seedlings to cold, either immediately 
after their emergence or at some time after seeding, ddie lon- 
gevity of the winter crop is thus markedly shortened by two to 
three week.s’ influence of winter temperature (Gassium, (h, 1918). 

Pater^''* was able to convert ]/ie?mial medicinal plants ittto an- 
nuals. If the leaves of Coniuni viai-ulahim, for example, are 
mowed early in their first year vegetative growth, the ])lants 
sprout vigorously and produce flowers and fruits the first year. 
As a result of mowing, ordinarily biennial plants ‘thus 1)ehave as 
annuals and produce, no more shoots the second year, '[’his has 
prac^cal sigiiilicance, for it shows that in one year we can obtain 
what normally retpiires two years. Duiniy^''^ says that the long- 
evi^' of annuals at the seashore is only one-fourth to one-sixth as 
long as that of the same plants fartlier inland. 
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In many cases, shortened longevity can be secured also by graft- 
ing. If it is desired to cultivate the apple as a dwarfed plant, it is 
grafted on Maius paradhiaca, in which case it will attain an age 
of only 1 S to 20 years, whereas a normal apple tree lives up to about 
200 years.^'“ 

REVIEW 

There is no doubt in view of our foregoing observations that the 
life of a plant as well as that of its indi\’idiial parts may be prolonged 
in many ca.ses and by various means. want to inquire now as to 
what the causes are which lead to this life extension and whether 
this prolongation achieved in many diiferent ways is not to be 
attributed in the last analysis to just a tew fundamental causes. 

Tile situation is certainly clear in those cases where life extension 
is .secured by a suppression of active life, as in assuming a .state of 
apparent death. Idfe, then, is merely interrupted at some point and 
later resumed upon re-establishment of the excluded necessities of 
life. In this res])ect the actively living plant resembles a working 
dock, the plant in a state of apparent death simulating a time-])iece 
which is wound up hut temporarily arrested from functioning. 

In plants which fruit only once the ultimate age is closely corre- 
lated with time of flowering. Under normal conditions such a plant 
postpones flower and fruit formation until such time as it can pro- 
duce or has stored up through the activity of its leaves a sufficient 
sup|)ly of formative materials. After fruiting it declines as the 
result of the eon sumption of this reserve material. 

],Uit when ^\'c liinclcr flower formation by whatsoever means, 
whether it be through insufficient light, certain temperatures or 
through greater humidity of the soil and air, we guard the plant 
against death and defer the latter, But just as soon as it has flow- 
ered and fruited, the organic reserves arc completely emptied and 
utilized atid a yellowing of the lea\'es or of the entire plant accom- 
panies this process : at the same time, the cliloroplasts arc destroyed 
and their proteins move into the seeds. Deprived then of its 
cliloroiflasts the chlorotic leaf can no longer function normally or 
serve as an organ of nutrition and for this reason the plant dies 
after ripening of its seeds. 

The fact that an organ dies when it has once become functior'iess 
can be observed all along the way. A petiole robbed of its blade, a 
pedicel separated from its flowers, dies or falls off; a tendril, so 
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unfortunate as not to ihicl an>’ supi)ort, becomes stunted, anti leaves 
which are not exposed to light and do\’el(jped in their natural way. 
die. In other words, organs which can not pursue their natural 
destinies die early, l^nt when their luiictioning peritRl is prolonged 
by artificial means beyond the normal, life is extended, to which tact 
dc \"ries called attention. So it is with the pedicel and petiole of 
Pelargoftiuin, Begonia and Torenia which have heen transformed 
into a part of the branching system ; it is true also of hudless rooted 
leaves and of the gall-hearing male flower axes of twutle. bo])s and 
maize. And when grafting of a ]ierennial plant upon an annual 
{Abiifdon on Modiola) gives the annual a perennial natun*, we 
also have a functioning j^eriod which is induced in an ,'innual stem. 
The Abiitilon scion draws water together with dissolved mineral 
salts through the stem of the annual and compels it to 1 unction 
longer than it ordinarily would. Associated with this intensiltcation 
and extension of function is a richer provision of nvithents. Tlie 
same effect is secured in tlte branching system above a ginlle wound 
and as a re.siilt of tlie siiljse(|iient accuiiiulation tif valuable formative 
materials, premature dro])ping of the fruit is prevented. 

Tnade(piate nutrition, on the other hand, shortens life, for starving 
leaves soon turn yellow and suffer ]:iremature death. 

Though much experience lies hehind ns we are still only beginning 
to learn how to ])r()long the life of plants. The more science ad- 
vances the more do we learn to control plants by experiments and 
to come to the well founded view that the macrobiotics of plants will 
also make advances, but only to a certain degree, for in the last analy- 
sis death destroys every form of life, except the unicellular organ- 
isms, whether it he a flower of a day, an annual herb or a thousand- 
year oUl giant tree. 



CHAPTER V 
REJUVENESCENCE 

There are frequently associated witli the life extension of plants 
phenomena which we are accustomed to designate as constituting 
rejuvenescence, and which, therefore, must be briefly touched upon. 

Tlie word rejuvenescence is employed in connection with various 
phenomena of plant life. speak, for instance, of cell rejuvenes- 
cence when, as in the case of certain algae, c.g., Oedogonium, Ua»- 
cheria and others, the old cell membrane bursts and the old proto- 
plast rounds oft' and escapes as a naked swarm spore to swim about 
for a while, ftnally coming to rest and surrounding itself with a new 
cell wall, only to germinate again into a new cellular ftlament. The 
protoplasts of developing moss and fern spores as well as pollen cells 
of flowering plants surround themselves with their own cell mem- 
branes while still within their encompassing mother -cel Is and in this 
way become self-sustaining wliilc the old cell membranes disappear. 
In such cases, too, we speak of cell rejuvenescence. 

The word is likewise familiar to the gardener.-'^ If a tree, for 
instance, begins to age and its growth becomes sluggish, this condi- 
tion can be remedied fur a while by cutting back the branches and 
twigs one- to two-thirds their length. Dormant buds are thereby 
awakened which then develop strong and rapidly growing shoots, 
thus contributing toward a new development of the crown, toward a 
rejuvenescence. 

Various plants produce strongly geotropic shoots of an unusually 
marked erect growtli in addition to the average or weak ones. Tliese 
vigorous shoots withdraw the stream of nutrients from the weaker 
neighboring shoots and appropriate it to themselves. By removal 
in fruit-tree culture of these energetically developing shoots, known 
to the practical man as suckers, rejuvenescence of the crown is 
encouraged. I have noted elsewhere-" that many trees can endure 
a severe annual or even more frequent cutting-back to the base of 
the main branches {Ae sc ulus, Rnbiiiia,) while others (Salix) can 
undergo formal trimming. They all respond to this peremptory 
treatment by producing strong erect shoots wlncli develop before 
long into a new, stately and rejuvenated crown. This rapid re- 
establishment of a branching system is to be accounted for by the 
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large supply of reserve materials in the form of starch, fats and 
proteins wliich arc stored in the stem and suddenly placed at the 
disposal of the young twigs. 

If we consider, further, the healing of wanmds we are again con- 
fronted with rejuvenescence of the cell. As an exangde, we may 
place the two halves of a severed ]:)otato tuber in a damp com- 
partment, preferabl}- under a l)ell glas.s, Tlie parenclyyma cells, 
rich in starch, which lie directly beneath the cut cells of the wound 
surface, are mature cells and would so remain throughout their 
lives under normal conditions. Stimulated by the wounding to 
divide they gradually form a meristem, however, and from this a 
])eriderm layer which very effextively cuts otT the wounded surface. 
The pennaucut cells are thus caused liv the injury to revert to an 
earlier stage of development; to some degree, to an embryonic con- 
dition, and they then become what they once were, meristematic 
cells; in other words, thev become rejuvenated. Tliis illustrates 
especially well just what is meant hv rejuvenesceuee, namely, a 
reversion from an older to an earlier stage. 

Alexander Braun-'''' had a similar but broader conception wlien 
he characterized rejuvenescence as “the surrender of an already 
accjuired stale and tlic r el urn to a new beginning," In his work 
devoted to the subject Braun gives a great series of pertinent obser- 
vations and so long as he deals with these and other facts one can 
readily follow him. Wdien he indulges in tite natural phiioso])hy of 
lu.s time,“'“ liowever, it is not so easy. 

Several workers”'"’ have been ocenj^ied with the iuiei‘osco|)ic 
changes which potato cells exhibit during rejuvenescence and the 
associated healing of a wound. Tf) begin with, the cells whieli are 
about to undergo rejuvetiesceuce are freed of starch, and wax 
larger and richer in protein ; the nuclei become richer in chromatic 
material, increase in size, and divide, bland in hand with the 
latter ])rocess is division of the cells themselves, giving rise to the 
formation of a pliellogen and fuially of a y)eriderm. which seals the 
wound very effectively and guards it against water-loss and attack 
by fungi. 

Haberlandt"''* establi.shed the interesting fact that if decomposition 
pr^^ducts of mechanically killed or injured cells remain upon a 
wounded surface, such accumulation provokes cell divisions and thus 
makes healing of the wound possible. The following experiment 
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from HaberUindt’s treatise may be cited to secure a better under- 
standing- of this process. A disc, one to two centimeters thick, is cut 
from a kohlrabi (Brassica olcracea gou(jy!oi(.ics) and divided into 
tour sectors. One of the sectors is not rinsed, the second is washed 
for five to twenty minutes under a strong stream of water, the third 
is rinsed and covered with a thin la\'cr of kohlrabi mash, secured by 



Fig. 23, Cell divisions, induced by wound hormones, beneath the wound 
surface of 4 sectors from a disc of kohlrabi. A: wounded surface not rinsed; 
B : wounded surface rinsed with water ; C : wounded surface rinsed and cov- 
ered with kohlrabi mash ; D : wounded surface rinsed and covered with potato 
mash. From Haherlandt. 

crushing small pieces, and the fourth is rinsed off and covered with 
a thin layer of potato mash. In figure 23 we see the results: 

A shows some callus cells with several underlying cell divisons 
induced by the wound hormone left lying on the cut surface. J 
B shows fewer callus cells and cell divisions hccause the wound 
hormones were renio\'ed by rinsing. 
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C shows onlv a few ealhis cells hut unusually many cell divisions, 
especially l)eneath the kohlrabi mash. 

D shows divisions as in B. every cell having' divided at least mice. 

Haherlandt c<tncluded from this and similar experiments that the 
decomposition ])roducls ot the killed cells function as division 
Itormones. The occurrence (»f some divisions in the rinsed sector 
B is attributable to the fact tliat it is impossible to remove every bit 
of protoplasm which has been killed, and if divisions in sector D 
under ])Otato masb do not take place more frequently than in the 
rinsed sector B, it is because of tbe specificity of tbe wound hor- 
mone. It is api)arent trom iurtlier investigations ot llaberlandt 
not only that substances ellective on wounds develo]) in tbe killed 
cells, but that wound hormones can arise in injured but still living 
cells (hairs, epidermal cells, guard cells), inducing typical nuclear 
and cell divisions. 

W'ehnelt-'''^ has of late attempted to arrive at a better under- 
standing of the wound hormone discovered by Haberlandt, ihe 
voung pericarj) of Phiisrolns lias been shown to be an excellent sub- 
ject in this work. On its inner surface it possesses a comjiaratively 
abundant mass of tissue free of vascular bundles and consisting of 
uniformly similar cells. B.y cutting the jiericar]) along the ventral 
suture this tissue is laid free, and tissue sap, extracts or otlier 
organic and inorganic substances may be placed niion the center 
of the concave inner side. The untreated neighboring tissue serves 
as a control. By this technique, and in contrast with iirevious in- 
vestigations, the influence of a wound u])on the region under inves- 
tigation is completely excluded. If tissue sap of young bean leaves 
is placed on the pericarp cells, the cells directly bcncatli tin's cover- 
ing grow upward by means of numerous divisions and produce 
considerable wound tissue; tbe untreated area remains unchanged, 
on the other hand. The juice of tissues strained through ult ra- 
tine filters also induces the formation of wound tissues. Fresh 
juice remained tliernioslabile, even with heating 'under pressure 
and higher tenqjerature.. Experiments were also carried out with 
a variety of organic material, and these, too, such as white of egg, 
horse serum, haemoglobin, deutero-albumin, various insulin prejia- 
rai-^ons and agar-agar, had the same intensive effect on the cells 
of the pericar]) a.s did the tissue sap itself. Of the mineral sub- 
stances that were tried, pure water induced growth but not cell 
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division. Cane sugar and Knop's nutrient solution also failed to 
induce division. 

Tn his work the author avoids applying the expression hormone 
to the effective substances because the thought can not be disre- 
garded, ‘'that it does not involve a hormonal, i,e., a physiological, 
specific effect of one or more bodies, possibly proteolytic products 
or lipoids, but rather a non-specific increase of cellular activity, 
expressed in a return to a meristematic condition.” The assump- 
tion that a hormonal effect is involved is refuted by the fact that 
the same effect is produced by such different substances as tissue 
sap, serum, albumin and agar. 

Rejuvenescence is experienced also by many cells when they 
form a callus, a term which is understood to include the formation 
of all parenchyma tissue formed hy the [)lant on a wounded sur- 
face after injury, and appearing, particularly, on incisions, frost 
cracks, girdlings and at the base of cuttings. All tissue layers inav 
participate in this callus formation, first tlic cambium and then the 
parenchyma of the pith and cortex. In the latter case we speak 
of a rejuvenation, but not with respect to the cambial cells, for 
tliey are always in an einljryonic state. 



Fig. 24, Rhododendron arboreum. A cutting with callus. Original. 
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Whenever a is injured and the adjacent uninjured cells 

replace the ^vounded ones by j^^rowth nr cell di\-ision, then we 
speak of regeneration, and for tiiis reason we can designate tlie 
wound-healing of the potato and callus formation as regeneration. 
Tf the regeneration ])i‘oceeds so far that the consecjuetices of wound- 
ing arc fully removed and the former state of tlie wounded organ 
is fully re-estahlished in every res])ect. we have restitution. Detailed 
and numerous examples of this can be found in tlie works of 
Kustcr-'*' and Korsehelt. Here, however, we may only say tliat 
regeneration as well as restitution frequently are associated with 
rcjiivenesccnec and that the two usually go hand in hand. 

Another exam])lc ol rejuvenesceitcc of cells is furnished hv the 
galls which so often develop on ])Iants.-''’ \\’iiether these be in- 



Fie. 25. Pelargonium ::omjU\ Crown-galls on the stems. Original. 
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(liiccd by fungal growth or l:»y the puncture and egg-laying of an 
insect or other animal, the permanent cells of the host in all cases 
are induced to undergo division by virtue of the stimulus, and 
formation of the gall is thereby brought about. 

So-called crown-galls, intensively investigated particularly ]>y 
Smith," also furnish an exam]de of rejuvenated cells. Smith 
made the significant discovery that the tumors arising on various 
woody perennials and on woody and her]:)aceous annuals are caused 
by a specific agent, the bacterium Bacillus iunicfaciens. Any cam- 
bial cell as well as any parenclwuna cell, whether it he in the cortex, 
])ith or ray, can di^'ide under the influence of this bacterium and 
by continued divisions can become the initial point of a tumor. 



CH A PTKR W 
APPARKXT DKATII 

Anumg pkmti^ there are soute which continue t(> ^row uninter- 
niptedly ; others, after a certain jieriod of active growth, rest for a 
while and later resume growtli in order to in-olong their lives, 
eventually entering another more or less ]n'otracied period til rest. 
\\ e ohserve a striking example of tliis rhythm in mai^y trees and 
shrubs which in spring awaken from their winter rest, produce 
shoots, acquire foliage, flower and fruit, and in autumn discard 
their leaves and enten* upon another period of rest. The following 
spring the same secpience is again repeated. In s]K'aking of this 
dormancy of a tree, of a potato tnher or (.)f a hulh, wc do not implv, 
however, that the Hie phenomena within these organs eome to a 
complete .standstill; this certainly is not the case, for the tree 
respires also in winter, the sap moves and metaholie processes take 
place. 

The intensity of the life jdienoniena under thc.se circumstances, to 
he sure, is very unlike among different resting plants and their 
organs. Tn a tree or a laUato tu))er stored in the cellar they are 
relatively intense, considerably less .so in a .seed resting in damp 
earth, and almost completely at a standstill in a <lried seed. In tlie 
latter case it is difficult to determine, unless one makes a germina- 
tion tc.st, whether the seed i.s onl\' dormant or actuall}' flead. 
Though still viable, it gives the appearance of being dead, but actu- 
ally is only in a state of apparent death. This apparent death j)re- 
sents an interesting ])henomenon which is within the com])ass of 
this book, and for this reason we shall concern ourselves somewhat 
with it. 

THE CONCEPT OF APPARENT DEATH 

The idea is prevalent in the mind of tlie layman that in every 
single case it can be ea.sily and (piickly determined 'whether a ])laiit 
or animal i.s dead or alive. It is also commonly believed that it is 
readily possible to ascertain the exact lime at which death .sets in. 
\\’hen a renowned person, an emperor or a king, peri .sites, the e.xact 
frt^ute of his death is customarily recorded, and this jtrovokes in 
the mind of the laity the impre.ssion that death occurs iiistantly and 
that between life and death there is a sharp distinction. 
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A man is usually pronounced as being dead when res]Diration has 
permanently ceased. In such cases, the physician substantiates and 
vouches for the cessation of life. This, however, is only by con- 
ventional agreement, for actually there can still be much life in the 
■‘dead” man. If a man be decapitated or hanged the physician pro- 
nounces him dead after the execution, but if the “dead"' man be dis- 
sected a few minutes after the official pronouncement of death, the 
muscles contract upon being cut, and the entrails liecoine agitated 
].)y lively ].)eristaltic movement. Upon opening of the pericardium 
and the consequential contact with oxygen of the air, the heart 
begins to pulsate for several minutes, even for a quarter of an 
hour, and if it comes to a standstill, a needle-prick suffices to pro- 
duce one or more pulsations, and two to four hours after ' 'death'’ 
stimulation of the nerves causes a jerking of muscles. 

Kulial>ko"*^^ has gone so far as to secure pulsations of the ven- 
tricles and auricles in the hearts of deceased children, up to 30 
hours after “death,’’ by flushing them with a certain solution. The 
epithelium covering the inner surface of air passages, of the larynx, 
of the trachea and of the bronchia, exhibits a pronounced rhythmic 
imlsation in the corpse for days after the heart has ceased. Put- 
ter^nn records in an interesting article that epithelial inoveiucnt could 
be observed (Piisse) in the mucous membrane of a nasal polyp 
which had been operated upon, when it was kept at 4'^ to 5° C. for 
12, 14, and in one case for 18 days after the operation. 

The colorless blood corpuscles and spermatoznids of man, too, 
can long outlive the individual, and other analogies are offered 
by plants. As a rule, dahlias freeze upon the advent of the first 
severe frost of autumn. According as the sun strikes the frozen 
leaves, they thaw' out, turn black and hang limp from the twigs. 
Everyone at such times regards the leaf as dead because of its 
appearance. When I e.xaniined such frozen leaves under the micro- 
scope some years age,“'^“ I found almost all tlie cells dead, to be 
sure, but the majority of guard cells lielonging to the numerous 
stomata on the lower surface were alive. The guard cells are much 
more resistant against cold and other injurious factors than are the 
other cells of the leaf. If w'e then regard such a frozen leaf as 
dead, we are but partly correct ; properly speaking, we can only sav 
that such a leaf is no longer alive as a whole but is for the inost 
part dead. 



APPARKNT DFATH 


153 


Death, then, does not necessarily overtake an organism ctmi- 
pletely and instantaneously but proceeds in its course gradually. 

Just as dirticuUies are presented in stating a jireeise moment 
when death overtakes a higher organism, it is likewise not a sim\)le 
matter in many cases to determine, merely by inspection and with- 
out more exact examination, whether an organism, a tissue or a 
cell is dead or alive. An air-dry kernel of coni, lying on a table, 
displays no indieatians of life whatsoever. It neither grows, assimi- 
lates nor moves; in short, it hetrn)s no sign of being alive. Only 
when it germinates and forms root, stem and leaf , upon provision 
of moist earth and other favorable growth conditions, is one in a 
position to say tlial the kernel was not dead hut alive. In a dry 
condition, however, so far as the eye can judge, it is uo dilTerent 
from a dead grain. Any organism, whether it be ])lant or animal, 
which displays no noticeable signs ot lite hut which, iievertlieless, 
is alive, we say is apparently dead, 'Fhe kernel of corn which still 
harbors the ability to gcn'ininatc, though it shows no indications of 
life, is apparently dead. Only when it eompletely loses vitality is 
it dead. Natural death is the ])crmancnt standstill of life or, in 
other w'ords, the final interrujition of metabolism in the sense of 
assimilation and dissimilation. 

LIFE-REACTIONS 

It appears to be of considerable im])ortancc in many cases tor tlie 
])hysiologist to know whether a cell is dead or alive. Decisi(»n in 
this direction presents no difficulty in many cases as, for exainyde, 
when one oljserves protoplasiuic .streaming or nuclear division take 
place within the cell. Such conspicuous indications of life can he 
estahli^icd only in the rarest eases, however, and for this reason we 
depend upon a \'ariety of methods, so-called life-reactions, which 
very often make it possible to distinguish in doubtful cases between 
tiie living and the dead. Four of these methods will be <lisciisse<l 
here : 

(T) One of the be.st means of becoming convinced that a plant 
cell is alive is offered by plasmolysis. If a living cell, for example, 
an epidermal cell from a leaf of Tradcscantia or from a moss, is 
placed in a solution of kitchen salt, water will be withdrawn 
^.^n the cell, the protoj^lasm will recede frr)!!! the cell wall, shrink 
together and round up. This withdrawal of plasm from the wall as 
the result of a water-removing technic[uc, is known as plasmolysis. 
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A cell in whicli plastnolysis can be demonstrated is regarded as 
being alive, for dead cells do not show this feature. Though this 
life-reaction is of excellent service, it not infrequently happens that 
such shrinkage can not properly take place, either because the cell 
is too small or because its cavit}’ is narrow or clogged with reserve 
materials. 

(2) Klcctrical induction shocks can also be employed to indicate 
the presence of life. U]:)on such tests the living protoplasm sud- 
denly draws together or its organization is disrupted. As con- 
trasted with plasmolysis, this method yields much less satisfactory 
results because in many cases it is ineffecti\'e. 

(3) Loew^^'^ and Bokorny have recommended the silver reaction. 
They found tliat living cells reduce silver within their interiors from 
very dilute and weakly alkaline silver solutions. If living cells of 
S[^irogyra, Zygncina, or of other plants are placed in a dilute alka- 
line silver solution for six to twelve hours, the protoplasm darkens 
as a result of silver reduction which takes place. Dead cells do not 
give this reaction and for this reason the two investigators recognize 
in the method a useful life-reaction. As these two workers them- 
selves found, this reaction unfortunately does not take place in all 
living cells, and its use, therefore, is limited. 

I ha\'e been al)le to show that living chloroplasts, when treated 
with a silver salt, for example, with an atpieous solution of silver 
sulfate, darken rapidly and intensively, while dead ])lastids do not 
do so. This is a striking indication of how the chemical nature of 
a li\ ing part of the cell can change immediately upon the appearance 
of death.^"®^"' 

(4) Living |)rotoplasm possesses the quality of being imperme- 
alde toward certain pigments, for example, the hlne, violet ’or red 
coloring matter of many leaves, caused by the anthocyanin which 
is so widely distributed in the jdant kingdom. Dead protoplasm, 
on the other hand, not only is permeable to this pigment but also 
accumulates it. One can easily be convinced of this by cutting 
from a living red beet two equal cubes and placing them in water, 
the one immediately after being cut, the other after first being 
killed in an air bath of 60° C. In the first case, that of the living 
beet, the coloring matter does not come out and the water remains 
wholly colorless, while in the second, the killed beet, the color comes 
out of the tissue abundantly and stains the water deep red. 
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The nature of protophiMii to he in-ipervit)us in a living condition 
to certain sub^itanccs can also be cin]tloycd as a life-reaction. 

If none of these methods suffices alone, we must resort to a 
combination of them in order to arri\e at a lialfway certain 
determination. 

The mctsl certain test of life rests, after all, in the estahlishnienl 
of further development. If a cell, a tissue i)V an embryo displays 
such developauent, tliere can he no doubt ol its being alive. 


THE OCCURRENCE OF APPARENT DEATH 

The bear-animalcule (Fig. 26), Macrohiotus I lufchimiii, fur- 
nishes one of the ])est known examples of apv)arent death. Tins 



■■ Fig. 26, Hulchuidii, a bcar'anitnalcnlc. On left; actively 

alive: on right: in apparent death, dried out. h’rom Herlwig and Verworn. 
respectively. 


uiite-likc animal, lielonging to tlie Tardigrada, usually lives in 
mossy swards, and since the latter are frequentlt- found on shingle 
roofs, the animalcules get into the gutters where they survive and 
can readily he found in the dried-out dirt. In Nature they are 
exposed to desiccation at which times their movements slow 
dowiiVoore and more until finally they shrink into insignificant 
little clumps, no longer displaying any indications tjf life. In this 
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State of apparent death the little animal can long- persist but when 
again in a position to take up water after a rain it begins to enlarge 
and resumes its usual activity. 

Similar to this is the behavior of paste eels, belonging to the 
nematodes, which thrive in sick kernels of wheat, as w el! as of many 
infusoria, flagellates and numerous wheel animalcules.^^^ An es- 
pecially interesting case among the latter is that of CaJlidimi, which 
lives in the foliar tracheids of a liverwort, Frullauia dilatata, fre- 
quently found on tree trunks. The animalcules, Callidiua symbi- 
olica and C. Lcitgcbii, dwell preferabl}' in the s\vollen tracheids, 
]wobably because they there find favorable nutritive conditions. 
When the liverwort dries, the little animals enter a state of ap- 
parent death. But just as soon as tlie hepatic is moistened by rain- 
water the shriveled animalcules acquire new life and their rotiform 
organs become active. These wheel animalcules can be brought 
back to acti\’ity from a latent existence also by dampening them 
whth a drop of water after they have lain in the herbarium w’ith 
the liverwort for years. 

Plant life, too, offers abundant examples of apparent death^®^ 
among which only some of the most important and most interesting 
w'ill be described or mentioned. 

Liverworts. iMany liverworts which arc frequently subjected 
to desiccation in Xature long retain life in a dried condition. 
Schroder noticed that Corsiuia uKirrIiantioidcs resumed growth 
whicn subjected to normal conditions after having l^een in the 
herbarium for seven months. 

Mosses. The ability to withstand desiccation appears to be 
developed to a much greater degree in mosses than iti li‘^erw*orts. 
It is particularly evident in those which live in the "wild on dfy loca- 
tions and whicli have consc(|uently adaj^ted themselves to an alter- 
nation of wetting and drying. Such mosses are extraordinarily 
retentive of life. Barbida unguiculata has already undergone at- 
mospheric drying-out on a piece of tufa for a period of 20 weeks 
and was then subjected to additional desiccation through the agency 
of sulphuric acid, after w'hich treatment every- cell proved to be alive 
W'hen moistened, and tlie plant resumed growth. 

We can say, in general and according to Schroder, that, excqpt 
for tlieir spores, species w'hich are accustomed to drying-oyt also 
die after a few* year.s, five at the outside. Their spores can endure 
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, nuicli longer, however, in a state oi apparent tleath, Schiinper 
found that moss spores \vhich had lain in the her 1 Kiri uin for 50 
years gemiinated as if they had been taken from fresh plants. 

Algae. While many algae can not endure drying-out at 
all, others are distinguished by their aliilitv to do so. 'Fhe latter 
are found particularly in the family Palmellaceae. Flcurococcus 
viilgari.^, which forms the green masses on the luirthwest side of 
many tree trunks, has cxlnl)ited life after 20 long weeks of sevi've 
desiccation. 

Fungi. iVlany l)acteria do not withstand drying; others, to the 
cemtrary, do. Certain soil bacteria can endure in a dry condition 
for surprisingly long periods and then they acquire renewed life. 

Xestler,^’’^ who removed bacteria from the soil adhering to s])eci- 
mens in a very old moss herharinin, and tlien investigated their 
viability, came to the interesting conclusion “that some s])ore-form' 
ing l>acteria — Bacillus I’ldgaius, B. inycoidcs, B. suhBIis — can en- 
<lure desiccation at ordinary temperatures for a decade and can 
retain life for at least 92 years."' 

It is n(»t often that the vegetative liodies of higher fungi with- 
staiK.! drying-out, while, on the other hand, there are many spores 
which ])ossess this adaptation to a marked degree. Ilrefeld ob- 
tained new plants upon the germination of six-year old .s])ores of 
the. mold Aspergillus flaviis. 

Liebenbcrg studied smut s])ores wliich had been jircserved for 
varying lengths of time in the herbarium. “The ability to germi- 
nate was retained in tlie spores of Ttllciia caries alter 8^ years, oi 
IPstilogo carbo after 7^ years, of l\ Kolaezkii, (\ Cranicri and ( . 
Jcslniefij^u.iiGv 5^ years, and of / , I'uiasuci after ()-\ years, d'here 
appei^^r to he no doubt that these periods could he extended still 
^fe without signiheant injury to the germinating alnlity of these 
spores.”"”" 

Seeds. Just as the capacity to witlistand drying out to an air- 
dry condition without loss of viability is found among fiowerless 
plants particularly in their spores, so among flowering ])lants this 
feature is eminently developed only in the seeds. The behavior 
of the latter, however, is very \arialflc in tins res[)ect. 

^^^ccofding to incestigations by Hildebrand, the seeds of Oxalis 
0. lanceacfolia and their relatives germinate immedi- 
atelv alter opening of the fruit and are killed by drying out. In 
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willow see<ls the ability to germinate is retained for only a few 
days or weeks. Xakajinia-^'’ was able to show that the germinating 
capacity of the seeds of various species, Salix opaca, S. japonka 
and Rcinii, was considerably longer than normal if the seeds 
were ke]>t at ordinary dryness and a temperature of 12® or 13® C. 
Under these conditions 60^/c of the seeds were still viable after 
150 days and a few germinated after even 320 days. Aside from 
these and a few other cases, most seeds retain their germinability 
for years. 

We are indebted to Burgerstein^^’^’ for investigations in this 
direction with respect to grains. We learn from them that 70% to 
90% germination was secured in barley, wheat and oats after the 
seeds had been kept for 10 years wrapped in paj.)er in a drawer, 
while rye lost its viability during the same period. Other seeds 
remain viable for still greater periods. 

The extensive investigations of Becquerel and Ewart furnish 
additional information concerning maximum periods of viability. 
Becquerel-'’^^ procured llic oldest seeds which he could obtain and 
whose ages were definitely known from seed collections and her- 
baria. Altogether he studied 500 species belonging to 30 families, 
and the periods of viability ranged from 25 to 135 years. They 
were all subjected to conditions favorable for germination but only 
four families gave positive results, Uompositae, Xclumbiaceac, Mal- 
vaceae and Labiatae. Of the Legumiiiosae the following species 
showed the indicated germination of their seeds : 


Cassia bicapsxtlaris . . , , 

Cytisus bifiorus 

Leiicaena leucocephala 
Trifoliion an’ciise , . . , 

Ervmn Leas 

Dioclea pattcifioya . . . . 
Cylistis austriacus . . . . 

Melihtus luteus 

Acacia distacliya 

Miaiosa glowcrata . . . 
C rot alar ia ram o stssi ma 
Noniisni ia m ton mularia 
jistragahis b rachyc.eras 
Doliehos funarius . , , , 

Acaeia cornigera 

T ri folium caespitosum 


3 

out 

of 10 

87 

years t)ld 

2 


“ 10 

84 


2 


" 10 

7j. 


2 


“ 10 

68 

. % “ 

1 


“ 10 

65 


4 


" 10 

65 


1 


“ 10 

63 


,3 


" 10 

55 


S 


" 10 

53 


5 


“ 10 

53 


1 

“ 

" 10 

39 


2 

“ 

“ 10 

38 


2 

“ 

“ 10 

38 


2 


“ 10 

37 


5 


“ 10 

37 

A* 

2 


“ 10 

28 
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In the Xeluiiibiaccae the seeds ot three species germinated: 

i‘odophyllu»i 4 out ('if 5 5(> vears old 

aspcrifoiiutn 4 “ *' 5 48 

‘‘ spcrwsum 9 " “10 18 “ 

Among 15 species oi the Malvaceae only the folltnving germi- 
nated : 

La;vicra 2 out of 10 (i4 years old 

Among 14 species ot tite Lahiatae only the following germinated: 
Stachys ncpctacfolia 1 out of 10 77 years old 


The interesting fact is a\)parent from these comprehensive in- 
vestigations of Becquerel that there are seeds, those of Cn.csfh 
bicupsitlavis, wliicii can retain their ability to germinate lor 87 years. 

The very long-lived seeds, tlajse of 50 to 80 vears tenure, are 
always provided witli a thick shell, impervious to water and air. 

From the observations of Ivwart'^’' these peri(.uls of longevity 
have been .surpassed ))y the seeds of Ho7vea hcicrophyUa. Of twleve 
seeds of this ])alm which were 105 years old, two germinated. U]'>on 
investigating 2500 species Ifwart became convinced that the longest 
possible ]>eriod of germinating ability might he between 150 and 
250 years in the 1 wgnmiiKisae. In the Malvaceae it lies iKlween 
50 and 150 years. Ewart's ex])eriments were carried out )>rimanly 
with seeds which had been ke])t in dry air for years and he believes 
that impervious secils would remain alive still longer it they lay in 
the ground. 

Especially interesting are the observations of Ohga'^^'^ on the 
germinating power ot seeds of Sclumho um-iicra, the halian lotus, 
which \^re EjiukI Iniricd in peat in Manchuria. Near the northern 
ciicl^^wangtiing province in southern iManchuria is the village 
jii^^iilante and not far from there the village of ! Ju-chia-Uing. 
The plain to the north of the latter is the site where seeds of Ah’- 
Uimho are buried at a depth ot one-half to two-thirds of a meter in 
a layer of ])eal one-third to one-half meter thick. For various rea- 
sons the author believed that the seeds had lain in the ])eat for at 
least 120 years and were perliaps 200 to 400 years old. The 
peasants use the burned peat for fuel and the children eat the seeds. 
i; 4 ^)ite of this great age the embryos were still green and the etido- 
spervkyellowisii white. When the seeds were placed in water after 
being exhumed anil left there ffir eight months at a temperature of 
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15° to 20° C., there was no noticeable change, for no water could 
penetrate through the cxceedlingly tough seed coat. If the seeds 
were filed at one or both ends, however, they took up water, swelled 
and germinated without exception, in some cases after four days. 

Further investigations of Ohga'’'^'* showed that these lotus fruits 
in all probability are over 160 or 250 years old. Despite this 
advanced age, they germinated lOO^t;. If seeds of I\chnubo can 
remain alive in peat for so long, it is very likely tliat the peat has 
some preserving influence on them. Investigations on this point 
would lie worthwhile to determine whether or not this life-pre- 
serving effect of peat is not of some effect on the seeds and organs 
of other plants. 

It is still reported in the literature at times that wheat seeds sev- 
eral thousand years old from mummy graves of ancient Fgypt are 
still x iahlc. Such rejiorts are without factual foundation, however, 
and have long been disproved through various observations. On 
May 10, 1847, Alunter'^'-'’’ reported that wheat and six-rowed l)arley 
from Egyptian mummies had cumplctcly lost their germinability. 
Linger'^”*' writes, concerning mummy wheat: *'I brought a con- 
siderable quantity in a well sealed clay vessel from Fliehcs hack to 
Euro])c. Director Schott was kind enougli to plant what appeared 
to lie the best and fullest grains but they failed to germinate, regard- 
less of the care given them.’' He says elsewhere “I want to add, 
furthermore, that I have again tested the germinating ability of 
some grains from the graves of mummies as I did once before, this 
time using those which appeared to me to be the best preserved. 
I examined seeds of wheat as well as of Plialaris pavadoxa. I he 
result was the same, namely, that even under the most favorable 
conditions decay rather than development set in.'’ Attention may 
be directed finally to the work of Wittmack, concerning which 
remarks: “The experiments which I pursued with mummy wheat, 
found in a sarcophagus of the Grecian epoch in old Memphis and 
secured as genuine by the agricultural museum from Dr. Figar Hey, 
Egyptian commissioner, tor tlie Haris exposition of 1867, proved 
wholly unsuccessful in spite of all precautions under the most varied 
modifications. The originally brown seeds with a mummy-like 
odor finally crumbled like clay in the water and the mummy- seeds 
of barley behaved likcwise.”^°® 

The foregoing experiments have completely discredited the old 
but freciuently repeated legend of the germination of mummy wheat 
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from ancicnl Egypt. Whenever experiments of this s<irt show 
positive results it is because fresh wheat has lieen suhstiiuteMl u>r 
genuinely uUl grains, being offered at a good ju-ice l^y swindlers to 
the tourist. 

It has often been noted that on any particular sjiot the composi- 
tion of the j)lant cover varies with sudden change in the soil sur- 
face. If a woods, a held or a meadow is deeiily cultivated tla're 
often apjiear plants which previously were not at all present or onlv 
sparsely so. Where do they come from?' (due might su])pose 
that seeds had been brought in by wind, water, animals or by man, 
or that tlie seeds iiad lain in the ground and were suddenly hrovight 
umler favorable germinating conditions Iw tiie turning over of the 
soil. It has been shown by special investigations of i’eter^"'' that 
the last is tiie case. With special care he removed plant-less areas 
of soil, 30 cm, on a side and 8 cm. deep, from within a woods, and 
then a second and a third section, and observed them in the con- 
servatory to determine which plants, if aiu’, ai>]>earetl on the three 
samples. All three contained concealed living plant embryos, whicli 
in many eases de\elo])ed to the seed-])roduction stage when tlie soil 
was I'jroken u]"), moistened and illuminated. Soil tests from wtxids 
which had always been woods piaxluced only woodland ]>lants. 
strawberries, ras])berries, nightshade, a])art from some isolated 
woodland plants, tests of planted areas on former helds or meadows 
showe<l primarily held and meadow plants, slieplierd’s purse, cliar- 
lock, uild iinistarfl, St. John’s- wcjrt, plantain, etc. Such results 
were secured witli soil from woods which were covered by plants 
and whose forest co\’er had appeared 20 to 40 years previously. 
Peter concluded, tlierefore, that the still viable seeds ha<l rested in 
the S5''i and remained alive for this length of time. He makes no 
comment as to the cause of this Icugtliv apparent death in tlie grouml 
but it appears to l)e possible that the soil bad a yireserviug effect on 
the seeds. This question would merit a special investigation. 

It is certainh- not tf) he expected that tlie germinating cajiacity 
of seeds of any one species would he tlie same under all circvmi'- 
stances, for the viability dejicnds to a marked degree upon the way 
in which the seeds are preserved. If, for instance, we compare the 
duration of germinating ability which Pmrgersteiiv^^'^ found for 
Ind^ corn in Vienna with that noted by Kondo''*'^ in Ja[)an, there 
is no Agreement, According to Burger.stein, Carnithers’^^ and 
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Dorph-Petersen;'^^^ the viability of barley seeds is, respectively, 
more than 15, 9 and 5 years, but only 2 years according to Kondo. 
Furthermore, and according to Carruthers, the viability of rape, 
turnip and carrot is 10, 12 and 9 years, respectively, and of rape and 
turnip, carrot, peas, radish and cabbage, according to Dorph-Peter- 
sen, 13, 8, 10, 11 and 9 to 10 years, but according to Kondo the 
figures for carrot, peas, radish and Brassica cJiineusis are 2, 4, 5 
and 6 years. Kondo attributed these dilTerences to the very nioist 
an<l warm summer climate of Japan, correctly so, in my opinion, 
for it is well known that many seeds retain their viability longer 
than in ordinary moist if they are kept dry, for instance, over 
sulphuric acid, caustic lime, potassium chloride or other drying 
media. 

TEMPORARY COMPLETE INTERRUPTION OF LIFE 

The apparent death of seeds, spores, bacteria and of other iini- 
cellnlar organisms is nsnally brought ai)out through desiccation, 
but life phenomena can be interrupted also by other factors, as low 
temperature. Many plants can freeze hard as a bone and others, 
our high alpine forms or the conifers of Sil)eria, for instance, sur- 
vive in a com])lctely frozen state for months at a time without suffer- 
ing loss of vitality. As soon as the temperature rises sufficiently, 
symptoms of life again become apparent. Apart from the fact that 
in the course of freezing the chemical processes are reduced to a 
minimum liecause of low temperature, there is a significant removal 
of water associated with ice formation within the plant wliicli like- 
wise has an inhibiting effect upon life processes.'^ 

The question now arises whether life processes are completely 
interrupted during apparent death, whetlicr the latter state is 
brought about by drying out or by iTcezing or by lioth, or whether 
there is still a trace of life, a vita miniiua. Kochs^^'^ raised this 
question and in order to settle it he undertook to prevent any respi- 
ration in dry viable seeds. He did this by drying the seeds for a 
long time in air-less tubes plugged with phosphorous pentoxide and 
then keeping them in sealed vacuum tubes which were connected 
with a Geissler tube, as is customarily employed in spectroscopic 
study of gases. Careful tests showed that after months of time 
not a trace of carbonic acid was liberated. When subjected to 
favorable conditions again, however, the seeds germinated. !Koch.s 



Al'PARKNT DK.ATII 


163 


concliuled thereupon ‘’that the seeds so treated were in a stale of 
apparent death, down to their innermost parts.” ^^’hiIe he denic'd 
the existence of true apparent death in fully developed animals and 
plants, he conceded that it exists in s))ores and seeds. 

The recent investigations of Hecquerel'^’ appear to l)e of par- 
ticular importance in connection with our ([uestinn. In ov<{er to 
test the retention of germinating j^ower in mold spores, he dried the 
s])ores of d/to'or inuccdo, M. raccitiosus, RJiis^opus ai'/yer, .Isprr- 
fjiUus gliiiiciis. and of other si^ecies. in sntall sterilized glass tnhes 
in the presence of barium livdroxide for 14 days at C. ddie 
tui)es were tliereupon vacuumized, sealed and laid aside from h'eh- 
ruary 1908 until May 1909, and in F'ebruavy 1909 tiiey were ex- 
posed for three weeks to the temperature of li(|uid air, -- 180''* C., 
and then for 77 hours were e.\])o.sed to li(|ni(l hydrogen at -235” 
C. On A lay 9, 1909, the spores were removed with all precautions 
against contaniinaticni and inoculated into sterile nutritive media. 
After only 16 hours all tlie s])()res of the Mucorineae germinated 
and within three days the others also. Similar investigations with 
seeds gave tlie same results.'^’'' llecquerel conclndetl from his es- 
]>eriments that the vitalitv of seeds and spores not onlv slowed 
down Init completely ceased under the conditions whieli lie created 
for them and which involved a state of desiccation, the absence of 
air, and an abnorinallv low temperature. 

In view of these experiments we are coanpelk'd to admit tliat 
under artificial conditions there is almost certainly a genuine ap- 
parent death in the case of certain seeds and s])ores. and that life 
can be completely interrupted and again resumetl after a lapse of 
time. 

ohouk! it ever lie possible to bring seeds, bacteria and spores to 
the absolute zero, - 273° C., where every molecular movement is 
arrested and every chemical reaction is eliminated, then and on the 
supposition that the seeds and spores would sul)se(iuently germi- 
nate, as seems very likely, the alnive conclusion will be the better 
confirmed. 

Just as a locomotive is brought to a full stop by the mere move- 
ment of a lever and again put in motion by a reversal thereof ; just 
as aS^untain is turned on or off by the turn of a \'a!ve; or just as 
a caturle is set afire by ignition or placed in a state of chemical rest 
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by extinguishing-, so can the wheel of life he interrupted in certain 
cases for months, even years, and be set on its course again. 

There are thousands of transitional stages from active life, from 
the highest fullness of life, to a true apparent death. The sprout- 
ing, flowering and fruiting tree appears to be in full life, but in 
autumn when it sheds its leaves and o\'er-winters, destitute of foli- 
age, it gives the impression of starkness, of apparent death. In 
spite of thi.s the life-giving metabolisin is not interrupted hut only 
exceedingly diminished in activity. Only by artificial interference, 
such as we have already described, can metabolism he brought to a 
complete standstill in seeds, spores and other cells, and can life be 
wholly arrested as the movement of a machine through the medium 
of a lever. 

In Nature, however, slight chemical changes take place in bac- 
teria, spores and seeds which appear to Ijc in a slate of apparent 
death, and these changes accumulate with sufficient duration and 
lead to injurious disturbances and finally from merely an appear- 
ance of licing dead to actual death. Just what the nature of these 
changes is can not he said at present. \\T can hardly be mistaken, 
however, if we assume that edicniical processes are involved and 
that the proteins and ferments which play such a significant role 
during life, suft'er physico-chemical changes with aging of the cell 
which render it impossible for them to sustain life any longer, 
American investigators,-"*’^ too, lia%'e come to the conclusion through 
experiments with Turkisli red wheat that the loss of germinating 
power in seeds is brought aliout by a slow coagulation of proteins. 
They liave been able to show that the conformity to law and tlie 
formula which Kuglia estal)lished for the relation between tempera- 
ture and |)rotcin coagulation, a])])lies also to tlie (le[)endence of, the 
duration of latent life upon temperature. If .seeds are kept uiicW^ 
certain conditions, for instance, their longevity can he predicted by 
this formula. 
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OIJ) AGE, DICATH AXD THE AEEIAH'J) PcTri'.X'n A]. 
PEKPETCAL LIFE Oi' A TKl* E 

OLD AGE AND DEATH 

The trunks of many trees become iiollow \Yitb a^e, the inner por- 
tions dyinj^ and decaying, and this change often proceeds so lar 
that the ImjIc consists only of tlie hark and a thin layer of living 
wood. Old willows, olive trees and redwoods are jxirticularl}’ in- 
clined to develop this liollow structure. Peginning at a certain age 
growtlt commences to diminish, the annual increase of wi’iod and 
bast becomes less, the annual shoots are shorter and tile foliar net- 
work ft tier ; twigs rlie off to a greater degree and it appears as 
though the resistance against outside intluences, against animal and 
plant para.sites, has worn out. All these symptoms ])onit to the 
^veaknes.s of old age.'*-" A similar situation piau'ails anunig luet^ 
where the weakness of age is a common matter, for witli age thei'e 
set in patiiologicai-anatomical changes which are characteristic of 
the aged organism^'' and one becomes smaller and sclerotic. i)c- 
mange .says:'*^- "The basic clement, the cell, Hrst atrophies, and theti 
there is a granular degeneration and finally a granular fatty degen- 
eration. The binding tissiie thickens throtigh a kind of sclerosis 
and contributes to a certain degree to the suppression of the ele- 
ment whose .su])port it fonns." In atumals the changes accotnpanv- 
ing age manifest themselves in the cells in a shifting of the so-called 
nucleo-plasma relation and in the deposition of black pigment 
bodies, especially in the atro])hie(l cells of heart muscles and ganglia. 
In plant cells, too, striking changes often accompany age through 
gradual disa])pcarance of protoplasm and nucleus and in a shifting 
of the nticleO'plasmu relation, i.c., in a greater increa.se in the mass 
of protO])lasiii over against the nucleus. Changes arc brought about 
also by the entrance of air into the cell, by the accumulation of and 
frequent filling of the cell lumen by waste materials such us tannin, 
pliloroglucotannoids, phloijaphenes and by excessive incrustation of 
the membrane and contents with lime and silicic acid. 

C^v drops frequently arise in the green aging me.sophyll cells of 
the Icv^f just as black pig?t7ent bodies often accumulate u'ith ag(' in 
animal cells. These drops ha\’C been regarded xarious investi- 
lOfi 
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gators sometimes as assimilation products, sometimes as waste 
materialsd^^ Some light has been shed on these conflicting views 
by the investigations of Meyer;^^'' which I have already summa- 
rized.^’-^^ He divides the oil drops into two groups. In one group 
they arise within and come out of the chloroplasts {Tropacolmn) , 


building the assimilation secretions 
the mesophyll secretion (Fig. 27) 



Ftg. 'll . Mesophyll secretion in upp 
I ; one-year old leaf ; II : four-year old 
older leaf, x 285. Original. 


In the other they constitute 
, oil drops “which are found 



surface of leaf of Taxus liaccala. 
leaf. Secretion much greater in the 


deposited in the cytoplasm of the mesophyll cells, are wholly or to 
a large degree soluble in excessive alcolrol and chloroform, turn 
Virown with osmic acid, are wholly volatile or nearly so, possess no 
striking odor or taste, and which are less developed in the young 
leaves than in the older “ (Ilex Aquifolimn ). 

The assimilation secretion represents a hy-product which arises 
from carbonic acid assimilation. It appears in the chlorojilasts first 
in the form of indefinite globules, but with continued assimilation 
they increase to such an extent that finally they are discharged from 
the chloroplasts in the form of drops. Hence leaves which have 
developed in total darkness arc free of assimilation secretions. 
This indicates strongly that they are excretion substances. 

Mesophyll secretions have been found in many species of angio- 
sj^erms and gymnosperms, especially in the evergreens, (hice 
secreted, they no longer enter into life processes but merely ac'uimu- 
late within the aging cells (Fig. 27), 
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The law of the ‘'grand period" h in harmony with the idea that 
the plant ages and has its ascending and descending course of d<‘- 
velopment, eventually terminating in death. According to this 
law, a part of a plant, such as a young cross-sectional area heiuiul 
the root-tip. first elongates slowly, then progressively more ra]ddly 
until for a while it displays a maximum growth, and then pro- 
gressively decreases until finally growth ceases entirely, '('his holds 
true for the most part not onl)' for cells and organs hnt — and this 
is frequently overlooked or not sufficiently noted — also for the 
entire organism. It is very interesting to picture to oneself with 
reference to this ])rinciple the law of growth of the tree as it is 
confirmed, for instance, in height growth of the siiruce on sites of 
diUerent suitability. “As is shown in figure 28, the course of annual 



Fk:. 28. Growtb-curve of pine (Scots ?) on three different sites. The 
abscissae indicate years of age, the ordinates corresponding annual increments 
In tenths of a meter. From v. Guttenberg. 

height growtli is characterized by a ra])id increase from the very 
slow rate of its earliest youth to about half a meter on the best sites, 
and scarcely more llian .1 m. on the ]}oorest sites, during its 2.^th 
to 35th year ; from this point it decreases rather rapidly on tlie liest 
locations but only very slowly on the ])oorer sites, so that the annual 
height growth curves in advanced age on all sites approach one 
anothrir to witlun about .1 m. The significant height difference 
indicafed for the better and poorer sites is attributalde only to 
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greater intensity of height growth during youth in the former 
whereas at an age of altout 120 years it diminishes \cry slowly and 
nearly at the same rate from an annual average of 1 

The thickness of the annual rings, too, first shows meager devel- 
opment, then becomes more energetic and finally falls off, as the 
age of the tree increases. 

As the curves in figure 28 show, decrease in the rate of growth 
is characteristic of old age in trees, and the same is true of ani- 
mals. We are obliged to Minot*"'' for detailed investigations on 
the daily percentage weight increases of the guinea pig for 210 
days after birth, and from his data we note that this animal first 
grows rapidly and then j)rogressively more and more slowly. At 
birth tlie guinea pig sutlers a tein])orary check in its development 
from sudden and severe disturbance in its living conditions, but 
within two or three days it recovers and shows a S/V increase in 
weight. After 17 days it grows only 4^^, after 45 days a little 
over and from then on the growth rate slowly diminishes and 
finally at the end of the first year is almost zero (Fig. 29). 

If we comivirc the two curves in figures 28 and 29, we see that 



Fu;. 29, Weight-curve in daily percentage increases of guinea pig. From 
Minot. 


they both show a rapidly ascending and a rajfidly descending branch 
which then descends further only gradually. The difference be- 
tween the two curves lies primarily in the more rapid ascent and 
descent of the guinea pig growth curve. This is understandable 
since the guinea pig attains its ultimate size within one year while 
the tree is still growing after 100 years. 
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It lias already been mentioned that the secretions ot lower ort^an- 
isms exet i: considerable influence upon one another bv a harinttil 
sort of antO'toxication efl'ect upon further developutentd'' as in 
infusoria, yeasts, bacteria and alf^ae, The same situation may occur 
among higher plants, tliough 1 am not in agreement with Metschni- 
•koff who claims that plants perish not by exhaustion hut throitgit 
poisoiting as a result of their own metabolic prod\tcts. In my 
opinion, Ijoth factors can lead to death, exhaustion as well as 
])oisv)niiig by certain waste materials. Autumnal leaf-fall and the 
scaliiig-otf of the hark re])resent means by which the tree rids ilselt, 
at least j^artlv. of such harmful or useless materials. Terhaps there 
i.s also a .secretion of toxins through the root, as Alolliard (1913) 
tried to demonstrate by experiments with ]jeas, or tlu'ough the 
l<“aves of many and es])ecially herbaceous ])lanls which are in a 
])osition to free themselves of certain excretions Iw secreting drnj^s 
of water through hydathodes.'^-^ A ])ortion of the toxic products 
of metabolism remains within the tissues <.)f the \)lauts. however, 
and we need recall only the heartwocKl of the tree wherein, whik 
still part of the living tree, death enters, ap])aveiitly through the 
agenev of )n'-prof)iicts. 

All this indicate.s that uid age and hnally death itself are attril)- 
utable in large measure to chemical pretcesses. 

The renowned American hitdogist Minot''’-''' has sought to estab- 
' lish an entirely different idea of scne.scence and natural death, lie 
performed interesting experiments upon the growth rate of guinea 
pigs and found a cau.sative relationship between the degree of cell 
differentiation and the rate of growth. He finds ‘"that undifferen- 
tiated eell.s can divide rapidly, that those which are .sontewhat dif- 
ferentiated can divide only at a slower rate, atnl finally tliat fully 
differentiated cells can not divide at all. . . . Senescence is brought 
about by increase and differentiatiou of the ]>r()toplasm. Minot 
secs the justification of his idea in the fact tltat young cells display 
a reversed relationshijx They possess a nucleus and a small antount 
of protoplasm, all of which is undifferentiated. He distinguishes 
two principal periods of development, the first being characterized 
for a much shorter period by a conspicuous increase in the nucleus; 
the second for a much longer period by growth and differentiation 
of tit^ protoplasm. The former period is that of youth, the second, 
of seniscence. Minot's idea, based principally njion investigations 
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with animal cells, is very ])laiisil)le and can be applied also to ])lant 
cells because it considers old age as a phase in the ontogeny of 
every cell. It is regrettable that we are only slightly acquainted 
with the nature of protoplasmic differentiation, whether it be from 
the morphological, the ph}^sical or the chemical viewpoint. We see 
at present only that during the course of their lives the cells of 
multicellular organisms are adapted for certain functions, and that 
they become functionally differentiated and devclo]) into a state of 
permanency, thereby losing their ability to divide and to become 
rejuvenated. Old age leads finally to death, the ultimate phase of 
development. W'e know nothing of the nature of death and a thick 
veil likewise envelops the essence of life, which, it is hoped, will be 
lifted by the future of biology. 

In order to .su])port the idea that old age and finally death are 
occasioned by injurious metabolic products, that is, by a kind of 
auto-toxication, Zlatoroff'^'^” conducted experiments in which he cul- 
tivated chick peas in nutrient solutions to which an extract from 
older idants of the same kind was added. As compared with the 
controls lacking the extract he could detect a definite decrease of 
growth rate in the cultures provided with the extract. Tliis experi- 
ment appears to me very worthy of notice, but before general con- 
clusions can be drawn from it, investigations upon a broader basis 
and under more critical analysis must be made. 

Weber'’’^^ has provided an instructive survey upon physiological 
phenomena of old age in plants and I wish to call attention here to 
one point. Carhonic-acid assimilation takes place in the leaf, and 
Willstiitter and Stolh^^ have shown that this process is more intense 
in young leaves. If we determine this intensity at different seasons 
of the year we find a very conspicuous decrease in this intensity 
during the course of the vegetative period. If we designate the 
quantity of CO. which is assimilated under optimum conditions by 
an amount of leaf tissue containing one gram of chlorophyll as the 
assimilation number, that is, “the hourly production per gram of 
chlorophyll," and express it l)y the formula 

grams of CU., hourly assimilated 
grams of chlorophyll 

then the assimilation number for Sauibucus nigra is 12.2 on May 1 
and only 6,2 on July 14. This decline in the assiniilatory prtjdue- 
tion is associated not with the time of year but with increasi ig age 
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of the leaf. In certain cases toward late autumn the power of 
assinhlation can fall ott to such a, des^Tce that it becomes nil, as in 
Robiiiia, Tilia coniata and , “Older leaves were ]'ilucked 

hi October and Xovemlier, still in a good green condition, h'hev 
displayed only very slight assimilation or nearly none at all, while 
* younger leaves from the tips of the twigs on the same stem and at 
the same time still yielded good assimilation numbers. In the case 
of Amf^clopsis quinqncfoIia, conijiarison of the two kinds of leaves 
on twigs of the same season, as well as others secured still earlier 
during a mild autumn, showed more than eight times as much as- 
similation in the younger leaves as in the older. The assimilation 
numbers, based upon very coniparalile (piantities of chiornphyll 
content, were .9 and 7.9 for the old and young leaM's, respectively. 

In microsco])ic cross-sections of leaves which no longer are able 
to function, we can not iierceive any ciianges which might he respon- 
sible for the cessation of assimilation. H'he chloropla.sts ot younger 
and older leaves are approximately of e<.[ual size and similarly 
formed. . . According to Wh’listiitter and Stoll, the decrease of 
as.similation is controlled by an enzyme involved in the [irocess whicli 
loses its efifeetiveness tow’ard autumn. 

There are also indications that respiration, of leaves, for ex- 
ample, slackens with age. According to 1 larder, this is true also 
of marine algae, for he says: “In nearly all plants respiration is 
conspicuously more intensive in younger than in older parts. 1 liis 
is true not only of the Icaf-like portions hut ajipHes likewise to older 
and younger stipes of Laniinana.’' 

According to Benedict,’''’'^ it is not only the old parts of tlie same 
plant which .show different intensities of assinhlation anri dissimi- 
lation processes, but — and tins is of particular interest — leaves of the 
same age on woody ]dants of different ages assimilate and respire 
at different intensities. Leaves of a 60-year-old vine assimilate at 
a lower rate than do those of a young plant raised from seeds. 

Transpiration, likewise, falls olf with the age, of the leaf.-’"'' 
Under otherwise similar conditions young leaves transjiirc more 
than do old ones. This claim, to be sure and according to Sec- 
liger,""'^ must not be applied too broadly because in the yellowed 
leaves of poplar a change in transpiration ctjuld not he shown. 
Furtiaer study is necessary to determine just what cliangcs in the 
leaf bring about decreased transpiration, but it is very likely that 
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the condition ot the stoniatal apparatus plays a role. It appears, 
furthermore, that the organ o^ra])hic character of the shoot is also 
involved, since in /Jeer Pscndaplafauus the leaves of root suckers 
transpire more actively than do those in the crown of the tree. 
Slogtereiv''^" states that the stomata of \'Ounger leaves possess a 
greater flexibility than the older, and, according to Tdnsbauer,'’*^'' a 
rigidity usually develops in the older leaves of herbaceous plants 
which is recognized in a loss of stoniatal regulation. “The flexdiil- 
ity is usually greate,st at a certain intermediate age. It is especially 
in J'aci'iniuiti vitis-uiacu that 1 have found the stomata as a rule 
almost entirely closed on current shoots during mid- summer, while 
those of the previous year's leaves react in a tvpical manner toward 
variations in light and moisture, lly the infiltration method one 
can easily be convinced of this at any time.” 

Xeger^'^"' has the following to say resjiecting conifer needles. 
“If we examine the individual annual shoots of the spruce, hr. etc., 
with respect to their water content and transpiration, we And that 
the water content decreases u ith advancing age while transpiration 
is greater, the older the shoot. From this we can conclude without 
doul)t that the .stomata of one-year needles react better to dryness, 
that is, they are more flexible, tlian older needles. Reaction (»f the 
guard cells diminishes with the age of the leaf.” 

.\s 1 myself have found, man)' stomata in old leaves of Trades- 
eaatia gitiancitsls become dosed insofar as the mesophyll cells bor- 
dering on the stoniatal cavity grow into the cavity and oiistruct 
it.''‘^^' Schwendener observed the same condition in CaaiclUa 
jtif^ouiea and Prnuns Lanrocerasiis. 

1 have been impressed time and time again by the fact that young 
leaves display guttation in a most significant manner while old 
leaves show e.xudation drops to a mucli lesser degree or not at all. 
So far as my extensive oliservations are concerned, this is of 
general occurrence. 

The ability to react toward external stimuli, such as gravity, light, 
etc,, likewise decreases with age, and the same is true also of regetv 
erati^'e capacity and the formation of new organs, e.g., roots. I 
shall show' this later and God id has demonstrated it for adventive 
shoots of ferns. According to this investigator seedlings show 
themselves to be induced by a smaller stimulus than older plants, for 
they arc able to undergo dcciier changes in organization, ^h)ung 
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])lants of Phyllanihus, tor inslance, can change their dorsi ventral 
lateral twigs into radial structures more readily tliaii can the older 
plants. As Sclnieider-OreUi has observed, young apple fruits can 
heal their wounds after injury more easily by periderm formation 
than can old fruits. Young rhizoids of livcrw(u-ts arc still capable 
of regeneration, according to Kreh, hnt old ones, for the most ]>art, 
are not so. It is known, furthermore, that galls can form tmly in 
tw^fis which are still in a state of dcveh^])ment. 

' • This distinction between youth and old age is displayed also in 
the plienomenon of polarity, and on this ]K)int we are indebted to 
\'()chting'^'’“ for pertinent observations. If pieces of willow twigs 
are suspeiidcd in the dark in a moist room, jioluritv is expressed b\’ 
the formation of shoots at the upper end and roots at the lower 
end. It the twigs are young the contrast l)etweeu ajiex and base 
is very sharp because the shoot develops very close lo the cut siu*' 
face and the root docs likewise. Tins shar]) contrast in jiolaritv is 
lost in old twigs, however, for the points of origin of the shoot and 
root recede from the ends of the twig and ap]woaeii one another “to 
a distance from tlie ends which increases with the age of the twig 
hnt which does not exceed a certain limit." The rapidity and 
energy of formation of new organs diminish with increasing age 
without, however, entirely disappearing in advanced age. 

It has already been noted that yellowing of leaves is a typical 
indication of senescence. My observations'^"^'^ in this direction were 
suhsecjuently confirmed point for point by iMeycr,'^'*'* and the 
gradual diminution of the cbromatojihores and nuclei during 
yellowing was shown by precise measurements. According to 
}ileyer, tlic proteins arc graflually dissolved in aging leaves, where- 
upon the nvicleiis becomes smaller. Kiehir’’^^' has sliown, fnrtiier- 
morc, a decrease of nucleolar substance with advancing age of the 
leaf. Young nuclei usually contain large nucleoli, old ones relatively 
small nucleoli. 

In animal cells, likewise, Hartmanif^^'' shows that decreased size 
of the nucleus and usually also of the nucleolus are indications of 
age. 

Doms^'^' is of the O])inion that the cause of senescence must he 
'Resent even in the young organism. It might not be detected in a 
structural change but only in the catise of such a change, that is, 
in the constitution. According to Dorns, changes in the nuclei as 
the reaf ‘"bearers of form” are involved in old age. 
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As far as the protoplasm is concerned, Schwarz'"*^* has already 
noted that the cytoplasm swells very markedly in A^ery yoiiiij( parts 
of plants, that vacuoles form in older parts and that in very old 
portions iml)il)ition as well as vacuole formation may not take 
place. 

According to Chifflot, the molecular movement of Brown can he 
observed satisfactorily only in young ]')rotoplasm and much less so 
in aging plasm. Riisso^^^ also finds under ultramicroscopic oL’Cr- 
vation that the tiny particles in young cells are in much more active 
motion than in old cells, probably because viscosity of the plasm 
increases with age. 

Old and young cells show a ditYerent reaction also toward ])ig- 
ments. According to Weber's work, already referred to, young 
cells of animal tissue, and Idood ])ossess basophilic proto])lasni, 
allegedly conditioned by a specific substance contained in the plasm. 
Dcmolc:*’'* refers to an analogtms behavior in plant cells. With 
suitable dyes the growing points of lilodca and Osi!iu}uhi show a 
basopliilic character of the plasm which disappears, however, as the 
cell ages. 

Zacharias,'^"’^ likewise, points ont that “the aging nuclei of tracheal 
cells with aj)parently completed wall thickening are distinguishahle 
from the younger growing nuclei by their lesser amount of material 
soluble in gastric juice. Digestible substances outside the micleolus 
in the aging nuclei were not present in demonstrable amounts, as 
was the case in young nuclei." 

flow difterently in many points young and old cells beliave can 
be seen from the following. If we grow beans or other seedlings 
in calcium-free solutions, growing regions of the organs die, while 
fully grown parts remain alive. The stem of the scarlet runner dies 
from lack of calcium directly under the bud of the epicotyl and 
turns brown, while the cotyledons, hllcd with reserve materials, and 
the fully developed portion of the stem suffer no noticeable damage. 

I have noted the same thing in intramolecular respiration of the 
seedling. Here, too, the growing zones die first when there is a 
paucity of free oxygen; in other words, young growing cells sic- 
cumb to intramolecular respiration much earlier than do fully- 
developed cells. 

There is no doubt that fundamental changes in the cell sap can 
be associated with increasing longevity. We need recall c^hy the 
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red coloring of nutunni foliage which is dependent U]ion a surfeit- 
ing uf the sap in agiitg cells witli aiithocvanins. \\'lien the young 
cells of flower buds of Piihiiouaria and Myosofis first appear red 
and later blue- violet in the flowers which have already njiciied, this 
change rests U])on a decreased acidity in the aging cells. .Xcctn'd- 
Jng to Benedict, young leaves contain more acid than old ones aiul, 
X:Tording to PantancIH, the turgor of fungal hyphae decreases with 
age- 

Jnst how these individvial syniptmns of senesceiiee in cells are 
tied up witli death, whether as causative factors or only as accom- 
panying phenomena, we do not know. During the ]iast decades 
there have iieen great adiances in the ileld nl ])hvsical chemistrv 
and along with the latter in colloidal chemistry. Since most con- 
stituents of the cell ami all those of the jn'otojilasm are conipo.sed of 
colloids, it is not surprising that attempts have Ijeen made to at- 
triimte deatli of the living suiistance to phenomena of a colloid- 
chemical nature. One of the most imjiortant components of idasm 
is protein and one of the latter's most characteristic features is its 
susceptiltilily to coagulation. All processes wliieli mav imliice pro- 
tein coagulation also kill the ju'otojdasm. As Pepeschkiir'*”- and 
BechhokP'*'^ have ]>articularly shown, there is great resemblance 
hetwecn coagulation of inanimate allmminous brine and that of 
Ii\ing matter. It is not merely hy clianec that for a long time 
already the 'life-curve," "old age" and even "death" of colloids 
have been mentioned in colloidal chemistry. Rapidly solidihed gel- 
atine is at first easily penetrated h}' crystalloids, hut with age it 
heroines less permealde, and the same situation has been assumed 
to apply to proto]dasm because it, too, is su|)i)osed to lose in perme- 
ability in old cells (Benedict). .My earlier reference to the exces- 
si\'e incru-station of the cell membrane with mineral substances, par- 
^^icularly with lime and silicic acid, as a conlrihuling factor of 
^nescence and death, finds support in the investigations of Merz- 
f$ld and Klinger,'''''^' according to whom older , cell membranes, 
wlhch for some time have permitted the ingress and egres.s of mate- 
ri|.ls, gradually stop up their pores and thereby lose in permeability. 

IS THE TREE POTENTIALLY ENDOWED WITH 
PERPETUAL LIFE? 

\\\[] a higher plant, a tree, for example, guarded from all con- 
ceivah^ clangers to which it is normally exposc<l, live on without 



176 


THE LONGEVITY OF PLANTS 


limit, or will it eventually die because of internal factors? If sup- 
plied with sufficient nourishment and subjected to no injuries by 
cither animal or plant, lightning, hurricane, cold, heat or other 
environmental influence, will it live forever? In other words, docs 
the tree experience physiological death? The prevailing opinion 
among botanists is that the tree actually is endowed with perpetual 

lifc:v>o 

Every bud and each root tip ends in a growing point con^‘:Tt- 
ing of meristem. Its cells are engaged in active division; they 
become converted into permanent cells at the base of the meriste- 
iiiatie region but at the apex are rejuvenated by continued division. 
In a century old fir tree the primary leader, if never injured, ter- 
minates in such an old growing point. At bud tips and root tips, 
Lc., at many j:>oints, the tree is provided, therefore, with embryonic 
tissue which continually grows and is rejuvenated at the same 
time. 

IMost botanists are of the opinion that these growing points do 
not change nor grow old but alway s remain young. Herein lies a 
great difference between the organization of higher plants and that 
of higlier animals. The i)lant, l)ecause it is equipped with grow- 
ing points, is able to continue growth apparently continually, never 
reaching a condition \vhere its growth appears to he completed. 
This is in contrast with the higher animals which are withovit such 
eml)r3''onic tissues as growing points and which, therefore, conclude 
their growth relatively early. This condition of completed develop- 
ment can endure for years, constituting even the greater part of 
the entire period of longeviUc For this reason Kuster’^’" has re- 
ferred to higlicr plants as of “open” form and to animals as of 
“closed” form. It is not implied l)y this, however, that all organs 
of the plant are “open,” for leaves are almost always “closed" and 
seeds and fruits regularly so. 

Belief in the potentially perpetual life of the tree is founded iipo i 
the ]>resnmption that the gro\\ ing point does not change or gro v 
old. Is this viewpoint justified? 

I might direct attention first to the fact that the growing point (^if 
the embryo is the mother of all other growing points of above- 
ground organs. The latter, however, are not all alike ; though they 
develop from the growing point of the plumule they, nevertheless, 
produce entirely d liferent organs, foliage and flower buds, tcffidrils, 
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teration with age, which leads to the weaknesses of old age or 
senility.” The experiments of this author again furnish px'oof that 
by asexual propagation, in our case by cuttings, the peculiarities of 
the mother plant, such as size of venation areoles, pass unaltered to 
the progeny. This has long been known and much use is made of 
the fact in gardening practice, for it serves to perpetuate continually 
a newly appearing worthwhile variety, be it of growth, of shape, 
color of the flower, of form or mottling of the leaf or in the qu^^ity 
of the fruit. 

Tt has been found, furthermore, that it is not all the same in se- 
curing cuttings or scions from which part of the individual the 
cutting or scion is taken. Contrary to appearances, foliage shoots 
of higher plants are not all alike qualitati^Tly but are individually 
different. There is shoot individuality. Tin's is exemplified by 
young ivy, Hcdcra Helix, which produces either horizontal or 
o1)ii(|iiely growing plagiotropic shoots with two- to five-lol)ed leaves. 
The shoots of old stocks, on the other hand, already covered with 
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Fig. 31. Hcdcra Helix. Two-year old ivy plants, young form on left, trev 
form on riglu, the latter secured by means of a cutting from the flowerir 5 
region. Original. 

i 

flowers, grow upright and have o\'ate pointed leaves. If cuttinjs 
are made from twigs in the flowering region they become rootq.'l 
after a longer period of time and ])lants develo])ing from them 
retain their upright growth and the mentioned leaf form. In this 
manner ivy plants are secured which the gardener knows as h^edera 
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Ihii.v var. arhorca, though they veiu'eseul no variety h\it, in agree- 
ment witli Goebel, a "Folgcionn” ot the vcnithful ftn-ni (Fig-^ 31 
32). 

We find also in Ficus pniiiila (/'. sfipuUito] (Fig. 33) a striking 
distinction in .si^e and form of leaves lietween younger and older 
,]dants. When I first saw this ditference 1 could hardly believe 
do'it the foliated shoots of r-oung and old individuals helonged to the 
sae.v species. 



b: leal Ironi the flowering region of an old plant. Original, 

In Froussoncfia papynfcya, too, I have noted a conspicuous dif- 
ference in tlie leaf form of older and younger trees. The leaf of 
younger seedlings is threcdobed, that of an older tree entirely with- 
out lobes (Fig. 34). It is only in newly ai^pearing shoots stibse- 
Vuciit to injury that (jne may sometimes see lohed leaves make their 
r»pearancc also on old trees and in like manner on root shoots. 

yXnother very instructive case is [)rovided Ity the'frctpiently cul- 
ti jated Araucaria c.vccisa, well known because of its regular and 
railial system of branching. The main shoot grows straight iip- 
rj|ht and from it develop verticil late horizontal lateral brandies of 
me first order, three or four of them near the bottom, four to .six 
or m(;re higher up (Fig. 35). If one removes the terminal shoot 
of a co nmon fir or spruce, one of the highest lateral branches of the 
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first rank turns upward and assumes the role of the removed main 
shoot. Such substitution docs not take place in Araucaria. The 
lateral axis in the latter docs not have the ability to become erect, 
but the remaining part of the main axis can produce radially ar- 
ranged shoots from the leaf axils subsequent to decapitation and 
these shoots, used as cuttings, give normal plants with perfect radial 
branching. Tf a horizontal lateral twig of the first order is usgd 
as a cutting, however, it develops roots, to be sure, but does-^ot 
yield a plant with radial branching; on the contrary, it preserves its 



Fig. 33. Ficus piuiiila siipulata). a: leaf from a young plant; 

b: leaf from an old plant. Original. 

own nature for years, most likely forever (F’ig. 36). d’he saiiii 
situation is true also of the slender lateral branches of the secoivl 
order (Fig. 37).^^° F'or this reason the gardener never employ's 
lateral shoots but only the terminal shoot of llie plant if he wishes 
to secure fine stock of radial growth. 1; 

Terminal cuttings are made also of Agathis (Daniniara) because 
lateral shoots always remain unilateral and do not have the capacity, 
of producing main stems. 

If the yew, Taxus haccata, is propagated through cuttings of 
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lateral twigs, trees are not thereby securetl but rather shrul)by forms 
provided with twigs all the way to the ground and i:»ossessing sev- 
eral coordinate axes growing upright close lo one another. 



a yuung seedling, one meter tall. Original. 

It is of importance, furthermore, which eye of a rose stock is 
employed in grafting practice, for the gardener knows from ex- 
perience that buds of very long branches which do not flower pro- 
duce plants which grow rapidly, to be sure, hut whicli produce few 

! no blossoms, whereas buds from short flower-bearing twigs yield 
ints with short flower-bearing axes. To those interested, nnmer- 
s examples of this and similar phenomena are available in another 
per of mine.’^*’^ 

If one. considers the cases which 1 have specified and the experi- 
ce of gardeners in the field of asexual propagation, it becomes 
..ear that the preservation of characteristics in the shoot by means 
of asexual propagation is a matter of wide-spread occurrence. In 
some cases such retention of characters is quite ai)parent, in otliers 
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Jess SO, and at times it is not at all recognizal)]e. I have already 
respecfhig this tliat "foliage shoots in many jdants aiid 
according to their iocatioj]s on the plants arc not always identical, 
but are more or less indi\a(laab and permanently retain their charac- 
teristics, tlieir nature, when raised as cuttings." F'or this phenome- 
non I propose the term hopophysis/ 



Fig, 35. Araucaria CA-cetsa, Orij^inal. 

"A cutting from the flowering region is more a])t to produce blos- 
soms, a terminal slip yields a plant differing permanently from one 
i:>roduced by a lateral axis of higher order, and a root shoot pro- 
duces plants which have a greater tendency toward root sprouts 
than do seedlings, and for these reasons the gardener should always 
give consideration when making cuttings or grafts to the region of 
the mother plant from which the scion is secured." 

It is apparent from our considerations of topophysis* that tli/f 

* My reference to the “location nature” (Ortsnatur) or “topopliys?’ ” 
brings to mind the i^^ esUgations of Sperlich'*'’^ on “Phyletische Poten;^” 
which in my opinion are not by any means sufficiently appreciated. TF.s 
author has shown that the seeds of AlcAoroIof’/ius hirsTitns give rise o 
progeny which are not equally strong and endowed with life. The degen- 
eration of weakened individuals can be manifested by death of the scetK' 
lings soon after germination, by abnormal germination, chlorosis, death of 
the plant before flowering, failure of the flower buds to open, poor devel- 
opment of macrosi)orcs or microspores or of both, slow growth, nanism, 
c/r. Furthermore, the seeds of weak individuals are short-lived, for, ac- 
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growing points of one aiul the same plant, according to their posi- 
tions on the plant, are clifterent, and that, furthermore, these points 
must differ according as they belong to younger or older plants i)f 
die same sjiecies. Otherwise, it would not be understandable that 
they produce different ])lants. These facts lead to tin* conclusion 
^ that the growing point of an individual plant does not remain per- 
oetually unchanged but undergoes changes during the course of 
time, d’he growing jicints grow old, and with advancing age thev 
ac{|uire characteristics which liestow upon shoots developing from 
thetii, features that are absent from younger growth or at least not 
so fully developed. 



Fu;. 3(). .Iraitcariu iwvclsa. I.ateral shoot of first orficr cultivated as a 
cutting, preserves its lateral habit. Froui V'oehting. 

The foregoing considerations lead to a question which was often 
asked in the past century as well as during more recent times. 
Does continued asexual ]iropagation by means of cuttings and 
graftings bring about weaknesses of old age? 

This question has been answered in vein' contradictory n‘])lics, 
negatively by most theorists, affirmatively by the majority of iirac- 

cordiag to the c.xteiit of their weakness, they can not withstand jiroloiigcd 
desiccation. 

• The seeds of an indix idual ha\ c different degrees of “Phyletische Ptdenz,” 
unlike caiJacilies to assure the further existence of the species, 

1 “The expression of weakness is dependent upon the order of rank of the 
upside bearing the seed and upon the fnnting ability of the indivi<lual. 
’'Ihc later an individual has arisen, the weaker are its descendants and the 
sloner must its lineage perish.” 

■ Seeds which arc developed on side 1 ranches, later than those on the main 
alls, therefore do not gi^'e rise to long-lived plants. And on the main 
iJoot itself, the seeds of the lowermost flowers yield a belter jirogeny than 
JO the later blossoms of the upper branches. 

It is apparent from these remarks that the phylelic iiowcr of the seed of 
one and the same individual is dependent upon the location of its source 
upon the plant just as the nature of the shoot %aries according to its 
location on the plant (lopophysis). 
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tical men. The views which were entertained up to about 1854 are 
summarized it^ the excellent work of Jessen^^'^ which shows that 
the opinions were divided. The leading question was : Is longevity 
unlimited in those plants which arc raised from seed and multiplied 
by asexual propagation (shoots, cuttings or layers of any kind), 
that is to say, of the individual in the widest sense of the term as 
conceived by Gallesio/*^"’ terminated only by accident or by unfavor- 
able external conditions before the disappearance of the species 
itself, or is it definitely limited in duration and subordinate to the 
species ? 



Fig, 37. Araucaria cxcclsa. Lateral shoot of second order cultivated as 
a cutting, also preserves its lateral nature. From Vochting. 

A ])lant developing from an embryo, from seed in the case o/ 
flowering plants, may be regarded as rejuvenated and refreshed aiyd 
capalde of further perpetuation liy production of new seeds. It ;S 
a ciififerent situation, however, according to jessen, with respect ; o 
plants originating in an asexual manner by buds, cuttings 
suckers. In them there is not any rejuvenation and their propaga- 
tion involves only an extension of the life of the individual, and 
since this is limited in its duration the progeny of such an individual 



PERl’ETUAI. LIFE OF A TREE 


185 


must also possess limited tenure of life. In accordance with this 
view, all plants which originate by asexual increase, c.r?., hy cuttings, 
from a plant that has arisen from seeds, are to he regarded as he- 
longing to one individual and are to he designated altogether as a 
clone.* And just as the individual is subject to the intirmities of 
old age, so, according to Jessen, is the clone also. 

The Englishman, Knight, famed as plant physiologist, gardener 
and animal breeder, advanced the idea in the first third of the last 
century that the tree is subject to a natural weakness of old age ami 
that it dies because of internal causes. He, too, was convinced that 
the scion employed in grafting retains the characters of the mother 
plant, c.g., its age and associated features. If the condition with 
respect to age is transmitted through the scion it will he jiossessed 
also by the plant arising from such a scion as well as by any other 
individuals which may in turn be secured by scions from this first 
plant. ICvery degree of aging, according to Knight, is trausmitte{l 
through the scion to the crown wliicli dcvelo|is u\)on it, and the 
scions of a tree unable as yet to produce flowers will not he ma<le 
to blossom by transference to a stem capable of l)caring flowers and 
fruit; and likewise, the youth of a stock will not prevent flowering 
of a scion snfl'iciently mature to do so when trans])laiitcd upon it.'^^’'’ 

Knight has also made it clear that the life of a variation is pro- 
longed through grafting beyond that of the seedling. Finally, how- 
ever, vigorous growth declines and there comes a time i)eyond 
which the aging process can not continue. According to Knight, 
old fruit trees, for example, apple trees, easily become cancerous, 
and if scions are taken from such trees, the disposition toward can- 
cer is readily transmitted through such scions. This opinion is 
.shared also by van Mons. 

Jessen concurs with Knight's ideas and after giving detailed 
‘.attention to the fact that different ailments of our cultivated plants 
^ire associated with the infirmities of old age, and after having at- 
lempted to weaken the objections of Dochnahl and Overdiek, he 
( eclares: “I have no intention of claiming that the cause of the 
shove-mentioned phenomena is either excessive age or prolonged 
f^xistcnce of the descendants of a seed plant through layers or 
removed shoots.”^^^ 

The original German word is “Sorte” which ordinarily means a “kind," 
“variety" or “sort,” and it is not clear whether it was intended to carry the 
meaning of the word “clone" wliich aiJpcars more appropriate in this 
connection. — E. H. F, 
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About thirty years ago Moebius”'*^’ took a decided position with 
respect to the ideas of Knight and Jesseii. In llie chapter dealing 
with the consequences of continued vegetative propagation he sum- 
marizes his ideas in an excellent manner concerning a degeneration 
occasioned by long continued asexual nniltiplication. He refers at 
first to a botanical authority, Schleiden, who said: “In my opinion, 
healthy huniait intellect will always find it amusing when it is ex- 
pected that one should regard the 2000 poplars of a Prussian 
chaussee, miles in length, as one continuous individual. Refer- 
ence is thus made to the p}Tamidal poplars of broom-like growth so 
frequently used along streets, trees which jrrobably rc])rcscnt a 
variety of the black poplar, Fopuhis nigra. These poplars regu- 
larly lose their crown tips on different sites and gradually die, and 
in this manner they perished in England from 1820 to 1840. In 
America, too, they began to die about 1840, and in northern and 
central Germany they have frequently become sickly since 1880. 
This decline and dying-oT has been attributed to various causes, 
among others, climate, cold and parasitic fungi. The race of 
trees known as Popiilus italica Moench (P. fastigata Desf.) prob- 
ably hails from central Asia, whence it came to Italy and from 
there to other lands. Since the jDoplars in Germany are almost 
exclusively stamiuate trees, they have l)een ]wo])agatcd only by 
asexual means, and for this reason the opinion has been entertained 
by many that this continued practice has led to the weaknesses of 
old age and to death. As opposed to this, Moehius says he can 
not believe that a tree should succumb to such weaknesses after less 
than one hundred years of cultivation. 

Concerning this idea I might make the following remarks. In 
all probability, these trees were introduced about a century ago, 
not by way of seeds but as cuttings, and if we assume that the 
cuttings were secured from an old tree, 50 to 100 years of age, we 
then have every reason to assume, in view of what has already beei; 
said, that this age was imparted also to the cuttings. We must 
admit, therefore, that the clone already was 150 to 200 years ole!, 
and if the tree from which the cuttings were originally taken was 
also derived from an old indi\4dnal in a similar manner, we nui«it 
then attribute a still greater age to our present strain, and it is no 
longer easy to discard the idea of old age decadence. That this 
decline does not take place simultaneously in all trees, should not 
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be perplexing, for climatic influences certainly play a role in the 
matter. If, on the other hanch the closely related black poplar^ 
have been propagated by means of cuttings since the earliest times 
uf ])lant cultivation and still remain healthy, it must first be deter- 
mined whether or not sexual reproduction was interjected at sun- 
dry times into the history of this species. Hoth sexes (h‘ Fopnlits 
nigra are known and it is more than likely, therefore, that many 
trees Owe their existence to sexual iiropagation, involving a refresh- 
ing process. 

It is well known that the weeping willow, Sali.v hahylomai, was 
brought from the Orient to FmrojH' at the beginning of the last 
century as a .scion of a pistillate tree, and that from this single 
specimen all other weeping willows now in Iiurope have been de- 
rived. Of this tree, too, it was observed in the early sixties of the 
last century that its representatives in (lermany for the most part 
had ])erished. It can be observed today even, as 1 have often con- 
vinced myself, that wee]hng willows do iKit attain great age but 
soon ])egin to decline. Is it not significant that this condition 
should ha\’e develo])ed not only in the pO])lar Init also in the willow, 
another tree which has been |)ro])agated only asexually? Idiongb 
we can not ])rove that there is a weakness accom])anying old age. 
there is. however, much in favor of the idea. 

Moebius is ()]iposed also to tiie view that old age weakness with 
a definite dis])osition toward sickness is brought about in vine stock 
by continued ])ropagation by means of cuttings. lie is of the 
o])inion that in this plant which has been cultivated for 5000 to 
6000 years, only cuttings have “probably always" been used,'''’ and 
that there should be indications of old age weakness which there 
are not. This conclusion is founded iqxin a false assum])tiun, be- 
cause in the ease of the vine new seedling crosses have l)een made 
and a renewed gigor thereby achieved. I i we consider the observa- 
tions of Benedict, already mentioned res])ecting the progressive nar- 
rou'ing of foliar venation which accom])anies advancing age, and 
give heed also to the matter of topopbysis, it becomes clear that in 
the vine, too, certain characteristics of the aging plant arc trans- 
mitted to the cutting, and it appears very probable tlial also in these 
plants, continued asexual propagation w(juld lead tt^ okl age weak- 
ne.sse$ and to a lessened resistance toward various diseases. Even 
though it can be shown that plants deri^•ed from see<l suffer equally 
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as much from the fungi causing various diseases of the vine stock 
as do the cuttings, it obviously does not follow that plants derived 
from cuttings do not possess a constitution different from that of 
the seedling. 

Moebius also regards Jessen’s idea as unfounded according to 
which the potato suffers old-age weakness as a result of constant 
asexual propagation and thereby becomes more subject to the fungus 
disease caused b\' Pero}wspoya infestans. Moebius says in this 
connection: “All in all, we certainly do not have sufficient grounds 
for the assumption that multiplication of potatoes by means of 
tubers leads to a disease of the plant aiK^l disposes it toward fungal 
infection. Rather is it irrefutably shown by what we know about 
the development of the fungus that it alone causes the diseased con- 
dition in the healthy plant. T, too, like Moebius, am of the 
opinion that the cause of the potato disease is the above-mentioned 
fungus, but it does not follow' from this that the potato can not 
grow old in Jessen's sense through long continued asexual propaga- 
tion. We must not overlook the fact that from time to time vegeta- 
tive increase has been interrupted, and that A'igor has been restored 
through seedlings. \X& can not, therefore, speak of propagation as 
having been secured exclusively by means of tubers. 

Drescher"*'^ has furnished an historical review of cross-breeding, 
treating old varieties and flowering relationshi[)s of the potato from 
about 1785 up to the present. These studies show that in order to 
secure new forms cross-breeding has been resorted to and that great 
importance has been attached to raising potatoes also from seed. 
By this means an attempt has been made to put new life into the 
\’arieties and to make them more resistant toward disease. “The 
basis of the greatly increased and constant need for the culture of 
the varieties of potatoes lies in the degeneration of old forms and 
in the increased intensity of potato cultivation. Vegetati^^e selec- 
tion and e.specially seedling culture have furnished the most valuable 
varieties with respect to revenue, starch content, and resistance 
toward diseases and other unfavorable environmental factors. 
Seedling culture is breeding in a true sense.” 

Though the potato is usually propagated asexually, seedling cul- 
ture, too, is thus employed from time to time in the case of old re- 
tained varieties as well as in hybrids. The tubers of the seedlings 
come into the trade and are rvidely distributed, and good returns, 
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disease resistance and other qualities have been attributed to the 
progeny of sue It tubers. If the potato, therefore, is recorded in tlic 
literature as an example of a cultivated plant the ]tropagation of 
\vhich is exclusively asexual, such claims are not entirely correct. 

Many fruit trees are customarily grafted through scions of 
j)articular strains and since the scion transferred from an aging tree 
to a wilding retains the characteristics of the mother plant, some- 
times also its age. this practice may lead to the weaknesses of old 
age, for from such a grafted tree other scions will be taken again 
and again through many generations. Such a result has already 
been assumed to occur by Knight and van Mons, but the idea is 
opposed by Moebius. Several years ago'^'^ 1 remarked that the 
last word in this controversy did not appear to ha\‘e been uttered 
as yet, and T said that ‘hhe scion taken from an old tree displays 
weak growth and soon ])roduces flowers and fruit; the scion from 
a vonng seedling, on the other hand, grows rapidly and i)iaKlnees 
flowers and fruit onlv after a longer period, exactly as is to he 
expected according to the doctrine of shoot individuality or topo- 
physis. This certainly means that the tissue of the growing point 
derived from an old tree possesses eharacteristies ditferent from 
those of a growing point securefl from a vonng tree. In other 
words, the tissues of the growing point could suffer ])ermanent 
changes which go hand in hand with the age of llic individual." 

It is apparent also from their une(inal ahilit}' to develop roots that 
the shoots of an old tree possess characters different from those of 
a young tree. If we make cuttings from an old ivy plant capaldc 
of flowering and also from another not yet able to produce blos- 
soms, and stick them in moist sand, we see that the twig of the 
young plant produces roots very readily under favorable tempera- 
ture conditions after only one week hut that the old plant requires 
one to three mejnths. I have found this unequal rooting capacity 
especially striking in seedlings of Picas stipulata. This plant, often 
cultivated in our greenhouses, ]) 0 ssesses comparatively small round 
leaves during youth. T.atcr, if the ]dant is in a condition to pro- 
duce flowers, the form and si^.e of tlie leaf changes to such a degree 
that the entire habit is altered and any one unacquainted with the 
situation would never think that the twigs of the old and the young 
plant belong to the same species (Fig. 33) . On June 12, 1928, cut- 
tings were made from the small-leaved youthful form as well as 
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from the large-leaved older form and were immersed in water in 
order to induce root formation. On June 25 the younger form had 

roots two centimeters long but 
the older had none. On July 
5 the slender roots of the for- 
mer were abundant, much 
l)ranched and ten centimeters 
long, while the older cutting 
still showed no roots. Instead, 
there were snow-white pus- 
tules of an aerenchyma-like 
character around the buds 

which re]:tresented, not root 
priniordia, but parench 3 Tna- 

toiis outgrowths of the cor- 
tex. These later became .2 to 
1 cm, long, had a rough sur- 
face, and their cells easily lost 
their coherence (Fig. 38). It 
was only above water that a 
few small roots formed in the 
moist air. 

It is well known to the gar- 
dener and I have learned by 

personal experience, that 

i: or- ^ r p i-j. scions for grafting inirpuses 

hic. .^8. luats puntila (-r. stipii- ^ j t 

lata). Lower part of a cutting, u; shoitld not be taken from very 

from a young i)1ant, producing in old trees, because uiiion be- 

water long, delicate, much-branched tween the sciou and Stock is 
roots; h: from an old plant, produc- tliail with 

ing in water onlv short cortical out- . i ^ i 

^ 11 1- 1 cuttings trom relativelv 

growths, hut no roots. All a tier lA ^ >• 

months citltie ation. Original. 3Txingei sources. In other 

words, as soon as a tree 
reaches a certain age it is with greater difficulty that its twigs form 
roots and scar tissue in grafting. It appears doubtful to Doflein/’"' 
howe\’er, that old age phenomena occur in old trees and he ques- 
tions llic idea that weak growth exhibited 133 ^^ a scion secured from 
an old tree is to he regarded as an indication of old age. He be- 
lieves that nutritional factors which have no direct relation wdth 
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age are concerned in sucli cases. Had Doflein known that a cutting 
of an old tree manifests all the peculiarities of its old mother — 
weak growth,, immediate flowering capacity, leaf form — as in 
Hedera, Hroussonefia, Ginkgo and Ficus slipulafa — and additional 
features of its own, though it develops its own vigorous root sys- 
tem, he W’ould have had no doubts about old age phenomena in 
plants. One can hardly claim, in attempting to account for this 
otherwise, that a welhrooted seedling of an old tree is hindered in 
its nutrition. 

Doflein does not regard death from old age among plants as hav- 
ing been definitely established. Emanating from a zoologist this 
idea is excusable, for to him the facts of the matter are naturally 
not so well known as they are to the plant jihysiologist. When this 
author speaks of the yellowing of leaves and says, “The falling 
leaf, the foliar corpse, has an entirely different constitution than 
the living leaf,” it is apparent that he regards the yellowed leaf as 
dead. This is not the case, however, for the leaf becoming detached 
from the tree is usually alive, as I have already emphasized.’' That 
the yellowing of leaves in autumn is to be regarded as a matter of 
old age can no longer he doul^ted in view of the observations which 
I have brought forth. 

Fiirthcrmorc, wc should probably distinguish between natural 
asexual multiplication, as takes place normally in the potato, horse- 
radish, l)anana. Ranunculus Ficaria, and others, .and artificial asexual 
|)ropagatiou, as is accomplished in an abnormal manner i)y means of 
cuttings and grafted scions. In the former we are dealing with 
multiplication rooted in the very nature of the plant, but the latter 
class involves an artificial situation. There is always the possibility 
that in those plants which have predominantly or exclusively asexual 
progagation as a natural and normal means of propagatioti, the 
growing point may always he maintained in a youthful condition. 

Should I now attempt to summarize all observations in this field, 
I arrive at the following: 

1. The tree is not, as prevailing views w'Otild claim, endowed 
with perpetual life. It, too, is destined to die, though all adversities 
•of its surroundings be completely excluded, for there are facts 
which indicate that its growing points do not remain tinchanged dur- 
ing the course of its life, but also grow old. 



192 


THK LONGEVITY OF PLANTS 


2. Continued asexual propagation through cuttings and scions 
can lead to weaknesses of age because the peculiarities of the mother 
plant, particularly those associated with old age, are transmitted to 
the progeny through the cuttings or scions. 

Whether old age weakness finally sets in also in those plants 
which in Nature increase by asexual methods, I can not venture to 
say. 
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II 

Some citations from the more recent literature concenhinjj 
loiii^evity and related topics discussed in Dr. Molisch's work. 

In addition, further study of these subjects must in the future 
take into consideration certain other toihcs upon which a 
voluininous literature has accumulated during recent rears, hut 
which at the time of Dr. Molisch's study were either overlooked 
or had not been develoi)ed to such a dej:t^'t^o as to merit attention. 
They inchnle iar(.)\'i/ation, auxin, ])olyploid\’, and sex reversal, the 
study ol which jihenoinena has revealed much that undoubtedly 
will influence future imderstandin^ and interpretation of Unigevity 
and ass(3ciated ])henomcna. A ^rcat portion of the experimental 
work underlying these nwelations has involved artiftciallv con- 
trolled and unnatural conditions, and has not been especially con- 
cerned with ihc Inngcvily of plants as they exist in their natural 
state. For this reason, primarily, an attempt was not made to 
incorporate the.se findings in a revised rendition of this hook which 
as a pioneer work in the Held was concerned more with ]>l;nits 
under natural conditions. 

General 

t'lianiherlain, C. f. Coloso.s y longc\os del reino vegetal, l.a Hacienda 
30 : 405-407. 1935. 

Chamberlain, C. J. .\ge and size in plants. Sci. Monthly 35; 481-492, 
1932. 

Crocker, W . Ageing in ]>lants, hi Ageing of Organisms (2 v.) Pi. I, 
Chap. 2. "idle .h;siah Macy, Jr., l'\)un(lation, New York. 1938. 
(7ir f'ress). 

Duirenoy, J. Death as a result of change of living maUer within the 
plant cell. Science II 78: 494-500. 1933. 

Harper, R. M. Some new light on the inheritance of longevity. Jour. 
Hei;', mK 22; 93-98. 1931. 

Hutcbinsi^^ti, A. J, Longevity and jierindicity of growth. > Proc. V. Pacific 
Sci. Congv. 1933, 2; 933-946. 19,34. 

Lepesclikin, W. \V. Death ami its causes. Quart, I’tev. Uiology 6; 167- 
177. 1931. 

Paul, R. The rate of living. Being an accotint cd some cx])erimcnlal 
studies on the biology of life duratioti. New York, Alfred A. 
Knnjif. 1-185. 1928. 

Pearl, R, Experiments on longevity. Quart. Kev, Biol. 3: 391^07. 1928. 
Raho, O. The order of death of organisms larger than bacteria. Jour. 
Gen, Physiol. 14 : 315-337. 1931. 
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Lower Organisms 

Fischer, G. W. The longevity of smut spores in herbarium specimi^ns. 
Phytopath. 26: 1118-1127. 1936. 

Frye, T. C. Observations on the age of a few bryopliytes. Bryologisl 31 : 
25-29. 1928, 

McClintock, J. .A. The longevity of Fhyllosticta solitaria K. and E. on 
apple seedlings held in cold storage. PhyLopath. 20 : 841-848. 
1930. 

AfcCrea, A, Longevity of Mendius (acrymaiis in wood destroyed by its 
growth. Alycologia 26 : 454-455. 1934. 

McCrea, A, Longevity of conidia of common fungi under laboratory con- 
ditions. Papers Alich. Acad. Sci. 13 : 105-167. 1930. 

Xoble, R. J. Note on the longevity of spores of the fungus iJrorystix 
iritici Kern. Proc. Roy, Soc. New South Wales 67: 403-416. 
1934. 

Novak, S. Kyotazce infekcc Psenicc vytrsuy Tillctia tritiri riicnclw stari. 
Ochrana Rostlin 9; 30-32. 1929. {Ahst. in Rev. Ai>pl. Myc. 8: 
768. 1929.) 

Patel, M. K. Viability of certain plant pathogens in soils. Phyiopath, 19 : 
295-300. 1929. 

Patel, AI. K. Longevity of Fseudomunns iiuncfacieus: Sm. & Town, in 
various soils. (Ahst.) Phytopath. 18: 129. 1928, 

Pearl, R., and Miner, J. R. Experimental studies on the duration of life: 

the eornj^arativc mortality of certain lower organisms. Quart. Rev. 
Biol. 10: 60-79. 1935. 

Forges, N. The longevity of legume bacteria on seed, as influenced by 
plant sap. Soil Science 32: 481-487. 1931. 

Rees, T. K. A note on the longevity of certain species c>f the Piicaceae. 
Ann. Hot. 46: 1062-1064. 1932. 

Ro.sen, H. R. The influence of dry air on the longe\ ity of the fire-hlight 
pathogen. Phytopalh. 26 : 439-449. 1936. 

Smitli, E. C. The longe\ ily of myxomycc:te s])()res. Alycologia 21 : 321- 
323. 1929. 

Sobel, AI. The viability of the spores of the cereal smuts. Biologist 15: 
95-96, 1933. 

Taubenhaus, J. J., and Ezekiel, \V, N. Longevity of sclerotia of Fhy- 
nialotrichiim omnivorum in moist soil in the lab6i:*.iory. Amcr. 
Jour. Rot, 23 : 10-12. 1936. 

Wilson, J. K. Longevity of Rhisobiiun iapoificuni in relation to it.s 
symbiont on the soil. Cornell Agr, Exp. Sta. Mem, 162; 1-11. 
1934. 

Seeds 

Anon. The longevity of seeds. Flower Grower 16 : 586. 1929, 

Barton, L. V. Effect of storage on the vitality of delphinium seeds, Contr. 
Boyce Thompson Inst. 4: 141-153. 1932, 
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UiiicelUilar organisms 9-29. 
UrctlincHC 33. 

Urticaccsc 62, 87. 
t'riica 104. 

Usfiiaginaceae 33. 

Vsiilago 157. 

58, 72, 76, 94, 102, 172. 

Vanda 94. 

Vanchcrio 148. 

Venation and age 177. 

Veronica 94, 101, 126, 128, 

\Tbrio 29, 

Viburnmn 74, 76, 102, 113. 

Viola 85, 


Vitaceac 68, 

VJtis 68, 76, 177. 

VoKocah’.s 18. 

Volrox 30. 

U'clieiisrhin 52, 76, UK), 102, 109. 
li’islaria 70. 76. 

a 11} hi Kill 104. 

.XyUirm 35. 

Y('ast 19, 22, 23, 29. 
i’joen 98. 

Zygneiita 154. 






